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ABSTRACT

Objectives: Aims were (a) to examine whether socioeconomic position (SEP) is associated with
hearing loss (HL) among older adults in England and (b) whether major modifiable lifestyle
factors (such as high body mass index, physical inactivity, and excessive smoking and alcohol
consumption) are associated with HL after controlling for the effects of non-modifiable
demographic factors and SEP.

Setting: We used data from the wave 7 of the English Longitudinal Study of Aging (ELSA), which
is a longitudinal household survey dataset of a representative sample of people aged 50 and
older in England.

Participants: The final analytical sample was n=8,529 participants, aged 50-89, who gave their
consent to have their hearing acuity objectively measured by a screening audiometry device
and did not have any ear infection.

Primary and secondary outcome measures: HL defined as >35dB at 3.0 kHz, in the better-
hearing ear. Those with HL were further subdivided into two categories depending on the
number of tones heard at 3.0 kHz.

Results: HL was identified in 32.1% of men and 22.3% of women aged 50-89. Those in a lower
SEP were up to two times more likely to have HL; the adjusted odds of HL were higher for those
with no qualifications versus those with a degree/higher education, those in routine/manual
occupations versus those in managerial/professional occupations, and those in the lowest
versus the highest income and wealth quintiles. All regression models showed that
socioeconomic and the modifiable lifestyle factors were strongly associated with HL after
controlling for age and gender.

Conclusions: Our findings show that socioeconomic and lifestyle factors are associated with HL
among older adults as strongly as core demographic risk factors, such as age and gender.
Socioeconomic inequalities and modifiable lifestyle behaviours need to be targeted by health

policy strategies, to improve the wellbeing of older populations.
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Strengths and limitations of this study

The first study that focuses on modifiable lifestyle factors (such as high body mass index,
physical inactivity, and excessive smoking and alcohol consumption) associated with HL
among older adults in the UK.

Examines the effects of four different SEP indicators to HL (education, occupation,
income, wealth), instead of a proxy measures to reflect one’s total SEP, capturing
therefore most of the variation in socioeconomic stratification, to the objectively
measured HL in older adults.

The analyses were based on a representative cohort of 8,529 participants contained in
ELSA, which is a rich resource of information on the dynamics of health, social, wellbeing
and economic circumstances in the English population aged 50 and older.

The ELSA dataset did not contain information concerning the occupational and social
noise exposure, which has a damaging effect in hearing, but we examined the
association of manual occupations with HL and its attenuation by modifiable
determinants including smoking habit, which is of a higher prevalence among those that
work in routine and manual occupations in England.

All the analysed factors explained less than one third of the variance for the occurrence

of HL suggesting that there are additional major factors associated with HL in older
adults which have not been included in our analyses.
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INTRODUCTION

Hearing loss (HL) is a major global health challenge and the most prevalent sensory
disorder. Approximately 15% of the global adult population has some degree of HL (of at least
>25 dB HL in the better ear)! and almost 7% has disabling HL (defined as a hearing threshold
>40 dB HL in the better ear)2. HL has been associated with negative physical, social, cognitive,
economic and emotional consequences and is the fourth leading contributor to years lived with
disability worldwide?.

Previous studies have reported that HL increases with age3, exposure to high occupational
and social noise* and occurs more commonly among men3. There is growing evidence that
there are a number of modifiable risk factors resulting in the aetiology of HL>® and, if
eliminated, might prevent more than the half cases of HL2. It can thus be suggested that there is
a high potential for reducing the burden of HL, if we understand the modifiable factors and the
mechanisms that lead to hearing health inequalities, which -following the glossary for health
inequalities’- could be defined as the avoidable differences in people’s hearing health across
different social and/or population groups. Prior research has established health disparities in a
wide range of health conditions according to socioeconomic position (SEP)®. However, hearing
health inequalities is an emerging research area and the existing evidence on the relationship of
HL with SEP and modifiable lifestyle factors is limited. There is a major public health need to
assess whether HL is associated with SEP and lifestyle factors because this understanding could
inform recommendations for HL preventative strategies such as wider implementation of
interventions to promote ‘healthier lifestyles’ and governmental policies for socioeconomic
equity among older people in the community.

The aims of this study were (a) to examine whether SEP is associated with HL among older
adults in England and (b) whether major modifiable lifestyle factors are associated with HL after
controlling for the effects of non-modifiable demographic factors and SEP. This study is the first
that examines the effects of four different SEP indicators (education, occupation, income,
wealth), encompassing thus aspects of the life-course socioeconomic stratification®, to the

objectively measured HL in older adults. In addition, is the first study that explores how major
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lifestyle factors for general health outcomes in the English adult population (such as smoking,
high BMI, insufficient physical activity and excessive alcohol consumption)'%!! account for the

variance in HL.

METHODS

Study population

The present study used data from the English Longitudinal Study of Aging (ELSA). The
ELSA is a longitudinal household survey dataset of a representative sample of people aged 50
and older in England. It is designed as a large-scale prospective cohort study, with repeat
measures of core variables over numerous waves, in order to explore trajectories on the health,
social, wellbeing and economic circumstances. The current sample contains data from up to
eight waves of data collection covering a period of 15 years, with an ongoing two-year follow-
up longitudinal design?2.

Objective hearing health data was available only in wave 7, where information was
collected from 9,666 participants, between June 2014 and May 2015. For the purposes of this
study, the final analytical sample was n=8,529 participants, aged 50-89, who gave their consent
to have their hearing acuity measured by a screening audiometry device and did not have any

ear infection.

Patient and Public Involvement

Patients were not involved in the conduct of the study.

Hearing test

A handheld audiometric screening device (HearCheck)!® was used for the objective

measurement of hearing acuity. This is a hearing screening test by Siemens, that tests for
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audibility of pure tone beeps, according to the number of tones that the respondent can hear
for each sequence (at 1.0 kHz and 3.0 k Hz), per each ear. The functional test sequence begins
with a series of three sounds, that have decreasing volume at 1.0 kHz (55 dBHL, 34 dBHL, 20
dBHL) and afterwards another three sounds with decreasing volume at 3.0 kHz (75 dBHL, 55
dBHL, 35 dBHL). Prerequisites for the test were the device to make proper contact with the ear
that is tested, hearing aid(s), glasses, earrings and hair bands to be removed to prevent from
getting in the way of the hearing device and the room to be as quiet as possible. Participants
indicated when they hear the sound by raising their finger. The total number of tones that the
participants indicated they could hear in the sequence of sounds at 1.0 kHz and 3.0. KHz, per
each ear, was recorded and the total tones heard in the better ear used for the categorization

of those with HL.

Outcomes

Hearing loss

HL was defined as >35dB at 3.0 kHz, in the better-hearing ear. This is the level where
intervention for HL has been shown as definite beneficial** and has also been previously used
for the categorization of those with HL®. Those with HL were further subdivided into two
categories depending on the number of tones heard at 3.0 kHz. Thus, we further explored
potential differences in the association between SEP indicators and HL, according to the
severity of HL, as measured by HearCheck. The categorization of those with HL was as
following:

(a) “Moderate HL”: tones heard at 75 dBHL and 55 dBHL but not at 35 dBHL (the first 2 of the
three tones at 3.0 kHz heard),

(b) “Moderately severe or severe HL": tone heard or not at 75 dBHL and tones not heard at
55 dBHL and 35 dBHL (0 or 1 of the three tones at 3.0 kHz heard). The category of “normal
hearing”, along with the above two categories of HL, constituted the ordinal variable “hearing

acuity” (in better ear).
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Indicators of socioeconomic position

Education, occupation, income and wealth were the four selected indicators of SEP. We
considered five categories of the highest educational attainment: degree/higher education; A
level;, O levels CSE; foreign/other; no qualifications. Tertiles of self-reported occupation were
based on the National Statistics socio-economic classification (NS-SEC): managerial and
professional; intermediate; routine and manual occupations). This was based on the household
reference person with the highest income. Thus, it was possible that the household reference
person was a woman. The relative financial position of the participants was captured by
quintiles of the net household income (first quintile lowest; fifth quintile highest) that is
summed across household members. In order to avoid the information bias that is related to
the retirement status, we used quintiles of the total non-pension wealth that is reported at the
household level (first quintile lowest; fifth quintile highest), which represents the sum of net

financial wealth, net physical wealth and net housing wealth.

Covariates

Age, marital status, retirement status and non-medical determinants of health (body
mass index, physical activity, tobacco and alcohol consumption) were assessed as covariates in
the association between SEP indicators and HL®.

Marital status was dichotomised into those that are currently married or not. Those who
are currently married included the categories a) married, first and only marriage, b) in a
registered Civil Partnership, c) remarried, in a second or later marriage. Those that categorised
as not currently married included the categories a) single, that is never married and never
registered in a marriage, b) separated, but still legally married, c) divorced, d) widowed.

Retirement status was dichotomised into those who were retired or not, according to the

self-reported employment status.
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Body Mass Index (BMI) measurements were grouped in four categories, according to
WHO definitions®: (a) underweight: BMI under 18.5, (b) normal: BMI 18.5 or over but less than
25, (c) overweight: BMI 25 or over but less than 30, and (d) obese: BMI 30 or over.

Tobacco consumption of any type of nicotine products was recoded into three categories:
those that were current smokers, those that were former smokers and those that never
smoked. Both current and former smokers answered the question of ‘number of cigarettes
smoked per day’, to explore whether they were occasional or regular smokers.

Alcohol consumption was recorded using several continuous variables such as the
number of days of alcohol consumption in the last seven days and the number of (a) measures
of spirit, (b) glasses of wine and (c) pints of beer that the respondents had consumed during
this period. We constructed a continuous variable to represent the sum of units of alcohol that
the participants consumed in the last seven days, according to the Chief Medical Officer’s
Drinking Guidelines?®, that counts as 1 unit each measure of spirit and as 2 units each glass of
wine of pint of beer. The constructed variable of units of alcohol during the last seven days was
further dichotomised into those that consumed more than 14 units of alcohol the last seven
days or not, in a separate variable.

Levels of physical activity were described by three ordinal variables that examined the
frequency that the respondents do rigorous, moderate or mild sports or activities, with possible
answers (a) more than once a week, (b) once a week, (c) one to three times a month and (d)

hardly ever, or never.

Statistical analysis

Categorical variables are presented as absolute (n) and relative (%) frequencies, while
continuous variables are presented using their mean and standard deviation. The Kolmogorov-
Smirnov test and normal plots were used to test the normality of the quantitative variable
distributions. There were no missing values in the hearing data of the final analytical sample
(n=8,529). Due to low proportion of missingness (<5%) in any of the other variables, records

with missing data were dropped from analysis.
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We fitted multiple logistic regression models to evaluate the odds of HL at various
socioeconomic strata, controlling for gender, age and non-medical determinants of health (BMI,
physical activity, tobacco and alcohol consumption). Additionally, we fitted four separate
stepwise logistic regression models, to examine the association of HL with non-modifiable (age,
gender: Step 1), partly modifiable (education, occupation, income, wealth: Step 2, respectively),
and fully modifiable lifestyle risk factors (body mass index, physical activity, and smoking and
alcohol consumption: Step 3). The variance inflation factor (VIF) was used as an indicator
of multicollinearity and the Hosmer-Lemeshow test was used as a post estimation tool, which
guantified the goodness-of-fit of the models. For all models, odds ratios, 95% confidence
intervals, unadjusted and adjusted coefficients’ beta values, pseudo R? and mean VIFs are
presented. The two-tailed significance level was set <0.05. All data were analysed using Stata

version 14 (StataCorp, 2015)Y.

RESULTS

Socio-demographic characteristics

Table 1 shows the distribution of socio-demographic characteristics of the sample
(n=8,529, aged 50-89). Overall, 26.6% (2,266/8,529) of adults aged 50-89 had HL >35dB at 3.0
kHz. The percentages were 32.1% (1,198/3,728, 95%ClI 0.306 to 0.337) for men and 22.3%
(1,068/4,801, 95%CI 0.211 to 0.234) for women, respectively. Men were twice as likely to have
moderately severe or severe HL compared to women. Also the percentage of HL in age band
75-89 were fivefold larger than those of age band 50-64, with one out of every two adults aged

75-89 having HL >35dB at 3.0kHz.

Table 1
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Lifestyle factors

Lifestyle factors of the participants are presented in Table 2. Over half of the participants
were current or former smokers. In addition, patterns of high levels of alcohol consumption
among all participants were revealed, with average consumption of more than 14 units of
alcohol in the last seven days for two out of three participants (5,223/8,528, 95%Cl 0.602 to
0.613). Nearly one out of every three of the excessive drinkers (1,457/5.223, 95%Cl 0.267 to
0.291) had HL >35dB at 3.0 kHz.

Three out of four of those with HL >35dB at 3.0 kHz were overweight or obese.
Furthermore, those with HL >35dB at 3.0 kHz were twice as likely to hardly ever or never

engage in moderate or mild sports activities compared to hearing participants.

Table 2

Hearing Loss

Table 3 and Figure 1 show the results of multiple logistic regression analysis with HL
>35dB at 3.0 kHz as the dependent variable and SEP indicators as the independent variables,
per each gender. The adjusted odds of HL were higher for those with no qualifications versus
those with a degree/higher education (men: OR 1.87, 95% Cl 1.47-2.38, women: OR 1.53, 95%
Cl 1.21-1.95), those in routine/manual occupations versus those in managerial/professional
occupations (men: OR 1.92, 95% Cl 1.43-2.63, women: OR 1.25, 95% Cl 1.03-1.54), and those in
the lowest versus the highest income and wealth quintiles (men: OR 1.62, 95% Cl 1.08-2.44,
women: OR 1.36, 95% CI 0.85-2.16 and men: OR 1.72, 95% Cl 1.26-2.35, women: OR 1.88, 95%
Cl 1.37-2.58, respectively).

Table 3 & Figure 1

10
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Table 4 shows the summary of stepwise logistic regression analysis for variables
predicting HL >35dB at 3.0 kHz. All regression models were statistically significant. Age and
gender only explained about 15% of the variance in the likelihood of HL. The addition of SEP
and lifestyle factors in the regression models explained another 10 to 15% of the variance. The
total variance explained in the overall models containing demographic factors, SEP and lifestyle
factors ranged between 25 and 27%. This finding suggests that SEP and lifestyle factors have an

equal contribution to HL as age and gender.

Table 4

DISCUSSION

Summary of main findings

In this study we examined whether SEP and modifiable lifestyle factors are associated
with HL among older adults in the UK. We found that variation in education, occupation,
income and wealth, which are important determinants of health inequality, are associated with
HL. SEP was strongly associated with the likelihood of HL in older adults, with the higher levels
of education, income and wealth being less likely to be associated with HL, and the manual
occupations increased the likelihood of HL. We also found that several modifiable lifestyle
factors (such as high body mass index, physical inactivity, and excessive smoking and alcohol
consumption) are associated with the likelihood of HL as strongly as well-established
demographic factors such as age and gender HL. These findings suggest that a large proportion
of HL burden is potentially preventable and support the proposition of Scholes et al.? that there
is serious potential to reduce the prevalence and impacts of HL by understanding the impact of
socioeconomic inequality in hearing health. Thus the incidence and severity of HL in the UK
could be significantly reduced by governmental policies to mitigate socioeconomic disparities

and public health interventions to promote healthier lifestyles in middle-aged and older adults

11
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in the UK. The occurrence of objective hearing data eliminated the different types of bias that

occur in self-reporting hearing difficulties!®, strengthening the accuracy of findings.

Strengths and limitations

The main strength of our study was that is the first to focus on modifiable lifestyle
factors associated with HL among older adults in the UK and to examine the effects of four
different SEP indicators to HL, instead of a proxy measures to reflect one’s total SEP'4, capturing
therefore most of the variation in socioeconomic stratification®. Another strength is that the
analyses were based on a representative cohort of 8,529 participants contained in ELSA, which

is a rich resource of information on the dynamics of health, social, wellbeing and economic
circumstances in the English population aged 50 and older!?.

However there are also important limitations. First, no causal or temporal relationships
can be established between lifestyle factors and HL in this cross-sectional study. Unhealthy
lifestyle behaviours could lead to HL in older people but is also possible that older people adopt
less healthy lifestyles after HL. Second, all the analysed factors explained less than one third of
the variance for the occurrence of HL suggesting that there are additional major factors
associated with HL in older adults which have not been included in our analyses. Longitudinal
analyses using a broader range of physical health, mental health and social care variables are
highly recommended to obtain a comprehensive understanding of modifiable factors which
contribute to HL among older adults in the UK. Third, the ELSA dataset did not contain
information concerning the occupational and social noise exposure, which has a damaging
effect in hearing®. We therefore were not able to examine the association of noise exposure
with smoking in the relationship of SEP with HL, as in a previous study which found that the
smoking habit in workers exposed to occupational noise greatly influenced HL'°. However, we
examined the association of manual occupations with HL and its attenuation by modifiable
determinants including smoking habit, which is of a higher prevalence among those that work

in routine and manual occupations in England?°,

12
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Research and policy implications

A number of previous studies have reported that the odds of HL in older adults were
significantly increased for those with lower educational attainment®2%2%.22 and those in manual
versus non-manual occupations?3242526_ Besides, income has also been reported as a correlate
of HL, with the prevalence of untreated HL being higher among low-income older adults in the
United States?’. In our study, those in the lowest quintile of net household income had
disproportionally higher percentages of moderate HL compared to moderately severe or severe
HL, but this pattern was not revealed in the quintiles of wealth, as expected. This may reveal a
possible delay in diagnosis of hearing problems among those in lower SEP due to financial
barriers in access to health services?®, which needs further exploration, as HL is highly
undiagnosed and untreated among older adults in England?8,

International studies have also shown that smoke consumption, high body mass and high
fat and high calorie food consumption can have an extensive impact on hearing?>3%3132_QOn the
other hand, a higher level of physical activity is related inversely with risk of HL3L. In our study,
two out of three of the participants were drinking above the Chief Medical Officer’s Drinking
Guidelines?®, which is not to drink more than 14 units of alcohol a week. We considered
therefore that excessive alcohol consumption may play an important role in the association
between SEP and HL among the English population and thus we included this variable in the
regression models, which has not been previously examined in the literature. The higher
prevalence of HL among men aged 50 and above compared to women has also been reported
in other studies®®. However, we noticed that the rate of deterioration of hearing acuity as age
increases was similar between each age band and nearly to 60% in both genders, as Figure 2
shows. The difference in prevalence begins at the age band “50-64”, where men were twice as
likely to have HL. Thus, the differences in modifiable lifestyle factors that were revealed in the
stepwise regression models may finally explain why the male sex is not a consistent risk factor
in studies?®, leading to the exploration of modifiable determinants that are common in both

genders>.
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In terms of policy, providing evidence concerning the critical variables associated with HL
is an important step in designing universal and targeted services and interventions for
individuals that face hearing health inequalities, ensuring the wellbeing of older populations,
and especially of those in the lowest SEP groups, were burden of HL fall highest. This is of major
importance for the population in England, as the sensor diseases are the first leading cause of
morbidity among adults 70 years and older and the second leading cause among adults 50-69
years 10. Our findings provide support to the view that HL is a non-communicable disease33
which can be prevented or ameliorated by governmental policies to mitigate socioeconomic
disparities and public health interventions to promote healthier lifestyles in middle-aged and

older adults in the UK.

Conclusion

The main finding of our study is that HL is strongly associated with socioeconomic
factors and modifiable lifestyle behaviours. Our findings are supportive of a new
conceptualisation of HL which argues that HL is not necessarily an inevitable accompaniment of
ageing, but also a potential preventable lifestyle disease, paving the way for the term lifestyle-
related hearing loss, where lifestyle refers to social practices and ways of living adopted by
individuals that reflect personal, group, and socio-economic identities®*, instead of the non-
inclusive term “age-related hearing loss”. Future research in hearing health inequalities should
investigate the role of the prolonged exposure to these modifiable lifestyle behaviours in the

development of HL.
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Participants socio-demographic characteristics (N=8,529, aged 50-89)
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Hearing acuity % (N)

(Continued)

16

w

oY

o

3

3

g

N

o

o

o

w

o

(98]

=

S
Variable Normal Hearing HL >35dB at Moderate HL = Moderately

3.0kHz Wevere or severe

= HL

D
Gender %
Male 67.87 (2,530) 32.14 (1,198) 19.88 (741) o 12.26 (457)
Female 77.76 (3,733) 22.25 (1,068) 15.77 (757) 2 6.48(311)
Age® 64.28 (9.29) 69.70 (19.19) 69.99 (15.85) g 69.13 (24.41)
Age group i
50-64 89.98 (3,135) 10.02 (349) 8.04 (280) § 1.98 (69)
65-74 74.49 (2,108) 25.51 (722) 18.90 (535) ®  6.61(187)
75-89 44.54 (868) 55.46 (1,081) 32.63 (636) T 22.83 (445)
Currently married i
No 69.79 (1,908) 30.21 (826) 19.90 (544) S 10.31(282)
Yes 76.01 (4,202) 23.99 (1,609) 16.41 (907) g 7.58(701)
Retirement status g
Retired 65.54 (3,205) 34.46 (1,685) 22.74(1,112) 8 11.72(573)
Not retired 86.15 (2,905) 13.85 (467) 10.05 (339) S 3.80(128)
Education 3
Degree/Higher Education 78.03 (1,996) 21.97 (562) 15.79 (404) g 6.18 (158)
Alevel 81.31 (596) 18.69 (137) 13.64 (100) ; 5.05 (37)
O level/CSE grade 75.38 (1,448) 24.62 (473) 16.71 (321) S 7.91(152)
Foreign/Other 76.00 (798) 24.00 (252) 16.29 (171) ®  7.71(81)
No qualifications 60.86 (1,090) 39.14 (701) 24.51 (439) 8 14.63(262)
Occupation based National Statistics =
Socio-economic Classification (NS-SEC) é
Managerial and professional occupations 73.24 (1,158) 26.76 (423) 18.03 (285) ®  8.73(138)
Intermediate occupations (non-manual) 76.37 (2,149) 23.63 (665) 16.95 (477) o 6.68(188)
Routine and manual occupations 65.11 (1,644) 34.89 (1,643) 22.02 (1,318) g 12.87 (325)

3

g

8

g

2

=
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Table 1 (Continued)

Distribution of SEP indicators, demographic characteristics and other covariates used in the analysis (n=8,5

BMJ Open

TE0-6T02-uadolwa/9g

29, aged 50-89)

Hearing acuity (%) g
Variable Normal Hearing HL >35dB at Moderate = Moderately
3.0kHz HL Wevere or severe
HL
Net Household Income
First quintile (lowest) 67.44 (872) 32.56 (421) 20.26 (262) 12.30 (159)
Second quintile 66.23 (959) 33.77 (489) 22.72 (329) 11.05 (160)
Third quintile 69.54 (1,034) 30.46 (453) 19.97 (297) 10.49 (156)
Fourth quintile 75.87 (1,154) 24.13 (367) 17.42 (265) 6.71 (102)
Fifth quintile (highest) 82.07 (1,112) 17.94 (243) 13.14 (178) 4.80 (65)
Net Financial Wealth
First quintile (lowest) 73.25 (794) 26.75 (290) 18.36 (199) 8.39 (91)
Second quintile 64.92 (879) 35.08 (475) 21.71 (294) 13.37(181)
Third quintile 68.34 (1,006) 31.66 (466) 21.13 (311) 10.53 (155)
Fourth quintile 75.06 (1,204) 24.94 (400) 17.71(284) 7.23 (116)
Fifth quintile (highest) 78.49 (1,248) 21.51 (342) 15.28 (243) 6.23 (99)

Values are expressed as n (%) unless otherwise is indicated.

3Mean (Standard deviation)
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Table 2
Participants’ lifestyle factors (N=8,529, aged 50-89)

BMJ Open
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@ '6T04/eqwardas /f uo 0£0TE0-6T0Z-Uadolwg/9g

Hearing acuity % (N)
Variable Normal Hearing HL >35dB Moderate Moderately
at 3.0kHz HL severe or
severe HL

Tobacco consumption
(any type of nicotine products)
Current 76.81 (712) 23.19 (215) 14.99 (139)2 8.20 (76)
Former 71.08 (2,996) 28.92 (1,219) 19.22 (810) = 9.70 (409)
Number of cigarettes smoked per day ° 12.79 (14) 12.79 (13) 12.69 (13)3 11.90 (12)
Never 76.99 (2,403) 23.01 (718) 16.08 (502) = 6.92 (216)
Alcohol consumption (in the last 7 days) 3
Number of days of alcohol consumption ? 3(3) 3(4) 3 (4) _% 3(4)
Number of measures of spirit 2 2.14(2) 2.30 (3) 2.15(3) 5 2.61(3)
Number of glasses of wine ? 4.30 (6) 3.62 (5) 3.88 (6) = 3.08 (4)
Number of pints of beer * 2.11(2) 2.34(3) 233(3) 8 2.35(3)
Total units of alcohol in the last 7 days 2 14.96 (18) 14.20 (19) 14.54 (21) g 13.47 (17)
Consumption of more than 14 units 72.10 (3,766) 27.90 (1,457) 18.71(977) 3 9.19 (480)
BMI Classification 3
Underweight 67.35 (33) 32.66 (16) 16.33 (8) ; 16.33 (8)
Normal 76.95 (1,255) 23.05 (476) 14.65 (239) 8 8.40 (237)
Overweight 70.55 (1,869) 29.44 (780) 19.10 (506) & 10.34 (274)
Obese 70.70 (1,390) 29.30 (576) 21.16 (416)S 8.14 (160)
Physical Activity >
Frequency does rigorous sports or activities é
More than once a week 82.09 (1,407) 17.91 (307) 13.59 (233) @ 4.32 (74)
Once a week 80.57 (626) 19.43 (151) 14.80 (115) 2 4.63 (36)
One to three times a month 80.13 (617) 19.87 (153) 14.42 (111) 8 5.45 (42)
Hardly ever, or never 69.18 (3,459) 30.82 (1541) 19.84 (992) E 10.98 (549)

‘g (Continued)
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Table 2 (Continued)
Participants’ lifestyle factors (N=8,529, aged 50-89)

BMJ Open

Hearing acuity (%)

dny uoJy papeojumod ‘6Tz Jequaldas f T uo 0£0TE0-6T0Z-uadolwa/9g

Variable Normal Hearing HL >35dB Moderate Moderately

at 3.0kHz HL severe or
severe HL

Physical Activity (continued)

Frequency does moderate sports or activities

More than once a week 79.11 (4,180) 20.89 (1104) 14.76 (780) 6.13 (324)

Once a week 72.53 (771) 27.47 (292) 19.19 (204) 8.28 (88)

One to three times a month 68.05 (360) 31.94 (169) 20.79 (110) 11.15 (59)

Hardly ever, or never 57.65 (799) 27.28 (587) 25.76 (357) 16.59 (230)

Frequency does mild sports or activities

More than once a week 76.38 (5,130) 23.62 (1,586) 16.43 (1,103)= 7.19 (483)

Once a week 69.75 (498) 30.25 (216) 19.89 (142) g 10.36 (74)

One to three times a month 64.65 (139) 35.35 (76) 22.33 (48) 13.02 (28)

Hardly ever, or never 55.59 (343) 44.41 (274) 25.61 (158) 18.80 (116)

Values are expressed as n (%) unless otherwise is indicated.

2Mean (Standard Error of Mean)

bMedian (Range)
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Table 3.
Multiple logistic regression analysis of N=8,529, aged 50-89 with HL >35dB at 3.0kHz as dependent variable and SEP indicators as
independent variables

Unadjusted OR (95% CI)* Adjusted OR {95% CI)**

Men Women Men Women
Education
No qualifications 2.39 (1.96-2.90) 2.67 (2.20-3.24) 1.87 (1.47-2.38) 1.53 (1.21-1.95)
Foreign/Other 1.06 (0.83-1.36) 1.37 (1.07-1.74) 1.46 (1.09-1.94) 0.99 (0.74-1.32)
O level/CSE grade 1.56 (1.29-1.89) 1.00 (0.80-1.25) 1.42 (1.13-1.79) 0.94 (0.73-1.22)
Alevel 1.01 (0.77-1.32) 0.69 (0.50-0.97) 1.08 (0.78-1.51) 0.82 (0.56-1.21)
Degree/Higher Education
(reference)

Occupation based National Statistics socio-
economic classification (NS-SEC)

Routine and manual occupations
Intermediate occupations (non-manual)

Managerial and professional occupations
(reference)

1.69 (1.39-2.08)
1.47 (1.23-1.75)

1.35 (1.15-1.59)
1.54 (1.19-1.96)

1.92 (1.43-2.63)
1.61 (1.25-2.08)

1.25 (1.03-1.54)
1.35 (1.01-1.85)

Net Household Income

First quintile (lowest)
Second quintile

Third quintile

Fourth quintile

Fifth quintile (highest)
(reference)

1.94 (1.50-2.52
2.12 (1.67-2.70
1.98 (1.56-2.51
1.38 (1.08-1.74

T — = —

3.04 (2.31-3.99
3.00 (2.28-3.93
2.31(1.75-3.05
1.65 (1.23-2.20

—_— = = =

1.62 (1.08-2.44)
1.31 (0.93-1.85)
1.40 (1.01-1.94)
1.09 (0.80-1.49)

1.36 (0.85-2.16)
1.40 (0.89-2.18)
1.08 (0.69-1.67)
1.08 (0.70-1.66)

Net Financial Wealth

First quintile (lowest)
Second quintile

Third quintile

Fourth quintile

Fifth quintile (highest)
(reference)

1.11
1.92
1.63
1.06

0.86-1.45
1.52-2.42
1.30-2.04
0.85-1.32

_— o~ o~ —
—_— — — —

1.79
2.39
1.95
1.48

1.38-2.33
1.88-3.04
1.53-2.50
1.15-1.91

P
—_—_= = =

1.72 (1.26-2.35)
1.66 (1.26-2.18)
1.45 (1.12-1.88)
0.96 (0.75-1.24)

1.88 (1.37-2.58)
1.33 (1.00-1.77)
1.41 (1.06-1.88)
1.26 (0.94-1.68)

*Unadjusted odds ratio (OR) ** Odds Ratio adjusted for age, marital status, retirement status, body mass index, tobacco consumption, alcohol consun%tion and physical activity.
Q
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Table 4. g
Summary of stepwise logistic regression coefficients for variables predicting HL >35dB at 3.0kHz (N=8,529, aged 50-89), according to diffefgnt SEP indicators (education,
occupation, income, wealth) N
Model A Model B Model C é' Model D
Step/Predictor Step 1 Step 2a Step 3 Step 1 Step 2b Step 3 Step 1 Step 2c Steg 3 Step 1 Step 2d Step 3
1 Non-modifiable (Education) (Occupation) (Income) E (Wealth)
Gender (female) -.B2¥** -.5g¥** S J2x* -.B2¥** -.64x** -.68*** -.B2¥** -.B9*** - 7088k * -.B2*** -.69*** -.B2¥**
Age (mean) 12%K* 1%* L10%** 2% 3%k 1xH* 12%%* 1% 118+ 12%%% LI PALE
2 Partly modifiable S
2a Education - ]5%** o - - - 3 - -
2b  Occupation (manual) - 26%** 20%** - ga_ - -
2c  Net Household Income - - - - 14%** -.098** - -
2d  Net Financial Wealth - - - - = S 17FFE L Q1HEH
Modifiable 3
Smoking (current/former) .10* .09 18 .09**
Alcohol consumption 24%%* Nl 178 .18**
(> 14 units per week) %-
Body mass index (<25) -.05% -.06 -8 -.04
Physical Activity - 1g%xx - 16%** -.12%** - 3%
(rigorous sports or activities, Py
once or more/week) g
Physical Activity S - Q4% * - 24%%* - 24%K%
(moderate sports or activities, ;
once or more/week) E
Physical Activity - 17%** -, 15%** -, 1580k * - 14%x*
(mild sports or activities, §
once or more/week) ;
Pseudo R? .15 .18 .28 .15 .19 .26 17 .18 Z§ 17 .18 .27
A Pseudo R? - .03 .10 - .04 .07 - .01 ﬁ; - .01 .09
Mean VIF - - 1.16 - - 1.20 - - 1.2_{3.1 - - 1.15
*p < .05. **p < .01 ***p < .001 S
3
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1.56 1.00 o
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O level /CSEgrade — ilii— —— g

4

1.42 0.94 N

O

1.69 1.35 =

Routine/manual occupations — g
1.92 1.25

s

1.47 1.54 %

Intermediate occupations —_—r e ®

(nonmanual) — —— —_—— %

1.61 1.35 o

=

1.94 3.8

Lowest net household P — —

income [1st quintile) — B e P e =

1.62 1.36 _g

=

1.98 2.31 E

Middle net household —r— —— 3

income {3rd quintile) — —— RS FN— S

1.40 1.08 e

@D

1.11 1.79 >

Lowest net financial wealth P vy e e 5’

{1st quintile) — —— —— =.

(@]

1.72 1.88 o

1.63 1.95 :\i

——

Middle net financial wealth %
(3st quintile) — .

9 1.45 1.41 P

o 1 2 3 4 0 1 2 3 o a

Odds Ratio B

N

N

O

—+—Unadjusted —@—Fully-adjusted
Figure 1 Associations between socioeconomic position and hearing loss in middle aged and older adults (N=8,529, aged 50-89). Indicators of ngP were categories of the highest
educational attainment (degree/higher education as a reference), tertiles of self-reported occupation based on the National Statistics Socid_é’meconomic Classification (NS-SEC)
(managerial and professional as reference), quintiles of the net household income (first quintile lowest; fifth quintile highest) and quintiles of ge total non-pension wealth that
is reported at the household level (first quintile lowest; fifth quintile highest). Lines represent OR (outcome=hearing loss) and its 95% Cl. ModeéE.A (rhombus): unadjusted. Model

o
B (circles): adjusted for age, marital status, retirement status, body mass index, tobacco consumption, alcohol consumption and physical activityr

22

1ybuAdoa A

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 26


http://bmjopen.bmj.com/

Page 23 of 26

oNOYTULT D WN =

BMJ Open

92.7%

80.7%

86.3%

67.3%

61.4%

percent

38.6%
32.7%

19.3%

13.7%
7.3%

B =]
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®

50-64 65-75 75-89 50-64 65-75
Male Female

I Yes HL No HL

Figure 2.

75-

nb6 Ag 20z ‘g |dy uo /u%'[wq'uadolwq//:duq W04} PaPBOojUMO

Hearing loss by age group and gender (N=8,529 participants, aged 50-89, from the seventh wave of the English Longitudinal Stud{of Ageing (ELSA).

Hearing loss was defines as >35 dB HL at 3.0 kHz, in the better-hearing ear.
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ABSTRACT

Objectives: Aims were (a) to examine whether socioeconomic position (SEP) is associated with
hearing loss (HL) among older adults in England and (b) whether major modifiable lifestyle
factors (high body mass index, physical inactivity, tobacco consumption and alcohol intake
above the low risk level guidelines) are associated with HL after controlling for the effects of
non-modifiable demographic factors and SEP.

Setting: We used data from the wave 7 of the English Longitudinal Study of Aging (ELSA), which
is a longitudinal household survey dataset of a representative sample of people aged 50 and
older.

Participants: The final analytical sample was 8,529 participants aged 50-89 that gave consent to
have their hearing acuity objectively measured by a screening audiometry device and did not
have any ear infection.

Primary and secondary outcome measures: HL defined as >35 dBHL at 3.0 kHz (better-hearing
ear). Those with HL were further subdivided into two categories depending on the number of
tones heard at 3.0kHz.

Results: HL was identified in 32.1% of men and 22.3% of women aged 50-89. Those in a lower
SEP were up to two times more likely to have HL; the adjusted odds of HL were higher for those
with no qualifications versus those with a degree/higher education, those in routine/manual
occupations versus those in managerial/professional occupations, and those in the lowest
versus the highest income and wealth quintiles. All regression models showed that
socioeconomic and the modifiable lifestyle factors were strongly associated with HL after
controlling for age and gender.

Conclusions: Socioeconomic and lifestyle factors are associated with HL among older adults as
strongly as core demographic risk factors, such as age and gender. Socioeconomic inequalities
and modifiable lifestyle behaviours need to be targeted by health policy strategies, as an

important step in designing interventions for individuals that face hearing health inequalities.
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Strengths and limitations of this study

The first study that focuses on modifiable lifestyle factors (such as high body mass index,
physical inactivity, tobacco consumption and alcohol intake above the low risk level
guidelines) associated with HL among older adults in England.

Examines the effects of four different SEP indicators to HL (education, occupation,
income, wealth), instead of a proxy measure to reflect one’s total SEP, capturing
therefore most of the variation in socioeconomic stratification, to the objectively
measured HL in older adults.

The analyses were based on a representative cohort of 8,529 participants contained in
ELSA, which is a rich resource of information on the dynamics of health, social, wellbeing
and economic circumstances of the English population aged 50 and over.

The ELSA dataset did not contain information concerning the occupational and social
noise exposure, which has a damaging effect in hearing, but we examined the
association of manual occupations with HL and its attenuation by modifiable
determinants including smoking habit, which is of a higher prevalence among those that
work in routine and manual occupations in England.

All the analysed factors explained less than one third of the variance for the occurrence

of HL suggesting that there are additional major factors associated with HL in older
adults which have not been included in our analyses.
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INTRODUCTION

Hearing loss (HL) is a major global health challenge and the most prevalent sensory
disorder. Approximately 15% of the global adult population has some degree of HL (of at least
>25 dB HL in the better-hearing ear)! and almost 7% has disabling HL (defined as a hearing
threshold >40 dB HL in the better ear)2. HL has been associated with negative physical, social,
cognitive, economic and emotional consequences and is the fourth leading contributor to years
lived with disability worldwide?.

Previous studies have reported that HL increases with age3, exposure to high occupational
and social noise* and occurs more commonly among men3. There is growing evidence that
there are a number of modifiable risk factors resulting in the aetiology of HL>® and, if
eliminated, might prevent more than the half cases of HL2. It can thus be suggested that there is
a high potential for reducing the burden of HL, if we understand the modifiable factors and the
mechanisms that lead to hearing health inequalities, which -following the glossary for health
inequalities’- could be defined as the avoidable differences in people’s hearing health across
different social and/or population groups.

Prior research has established health disparities in a wide range of health conditions
according to socioeconomic position (SEP). Furthermore, there is evidence that several
modifiable lifestyle factors, such as smoking®, alcohol consumption', high body mass index and
physical inactivity!! are associated with hearing health. Of course, the causal paths are not
clear, and these associations may be confounded by deprivation or aspects of deprivation (e.g.
type of occupation). Nevertheless, quantifying such associations is the first step in that
direction; hearing health inequalities is an emerging research area and the existing evidence on
the relationship of HL with SEP and modifiable lifestyle factors is limited. There is a major public
health need to assess whether HL is associated with SEP and lifestyle factors because this
understanding could inform recommendations for HL preventative strategies. These could
include wider implementation of interventions to promote ‘healthier lifestyles’, or

governmental policies for socioeconomic equity among older people in the community.
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The aims of this study were (a) to examine whether SEP is associated with HL among older
adults in England and (b) whether major modifiable lifestyle factors are associated with HL after
controlling for the effects of non-modifiable demographic factors and SEP. This study is the first
that examines the effects of four different SEP indicators (education, occupation, income,
wealth), encompassing thus aspects of the life-course socioeconomic stratification!?, to the
objectively measured HL in older adults. In addition, is the first study that explores how major
lifestyle factors for general health outcomes in the English population aged 50 years old and
above (such as smoking, high BMI, insufficient physical activity, tobacco consumption and

alcohol intake above the low risk level guidelines)'3# account for the variance in HL.

METHODS

Study population

The present study used data from the English Longitudinal Study of Aging (ELSA). The
ELSA is a longitudinal household survey dataset of a representative sample of people aged 50
and older in England. It is designed as a large-scale prospective cohort study, with repeat
measures of core variables over numerous waves, in order to explore trajectories on the health,
social, wellbeing and economic circumstances.>The current sample contains data from up to
eight waves of data collection covering a period of 15 years, with an ongoing two-year follow-
up longitudinal design.1®

Objective hearing health data was available only in wave 7, where information was
collected from 9,666 participants, between June 2014 and May 2015. For the purposes of this
study, the final analytical sample was n=8,529 participants, aged 50-89, that gave consent to
have their hearing acuity measured by a screening audiometry device and did not have any ear

infection or a cochlear implant.

Patient and Public Involvement
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Patients were not involved in the conduct of the study.

Hearing test

A handheld audiometric screening device (HearCheck™)'” was used for the objective
measurement of hearing acuity. This is a portable and easy-to-use hearing screening test by
Siemens, that tests for audibility of pure tone beeps, according to the number of tones that the
respondent can hear for each sequence (at 1.0 kHz and 3.0 kHz), per each ear. The functional
test sequence begins with a series of three sounds, that have decreasing volume at 1.0 kHz (55
dB HL, 34 dB HL, 20 dB HL) and afterwards another three sounds with decreasing volume at 3.0
kHz (75 dB HL, 55 dB HL, 35 dB HL). Prerequisites for the test were the device to make proper
contact with the ear that is tested, hearing aid(s), glasses, earrings and hair bands to be
removed to prevent from getting in the way of the hearing device and the room to be as quiet
as possible. Participants indicated when they hear the sound by raising their finger. The total
number of tones that the participants indicated they could hear in the sequence of sounds at
1.0 kHz and 3.0. kHz, per each ear, was recorded and the total tones heard in the better-hearing
ear used for the categorization of those with HL.

Previous studies have assessed the accuracy of the Siemens HearCheck™ in detecting
hearing loss and compared it with pure tone air conduction averages designated as gold
standard values. Fellizan-Lopez et al. (2011) found that in cases of moderate or worse hearing
loss, the HearCheck™ test fulfils all criteria of high sensitivity rate, high specificity rate and high
positive predictive values to be considered an accurate tool to screen for hearing loss, without

the need for soundproof audiometry booths?8,

Outcomes

Hearing loss
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HL was defined as >35 dB HL at 3.0 kHz, in the better-hearing ear. Those with HL were
further subdivided into two categories depending on the number of tones heard at 3.0 kHz. This
is the level where intervention for HL has been shown as definitely beneficial.’® For that reason
this categorisation has previously been used in the literature for the characterisation of those
assessed by the same audiometric screening device (HearCheck™)®. Thus, we further explored
potential differences in the association between SEP indicators and HL, according to the
severity of HL, as measured by HearCheck™. The categorization of those with HL was as
following:

(a) “Moderate HL”: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of
the three tones at 3.0 kHz heard),

(b) “Moderately severe or severe HL”: tone heard or not at 75 dB HL and tones not heard at
55 dB HL and 35 dB HL (0 or 1 of the three tones at 3.0 kHz heard).

The ordinal variable “hearing acuity” (in the better-hearing ear) was consisted of the above
two categories of HL and the category of “normal hearing”, which was defined as having heard

all the three tones of the hearing screening test at 3.0 kHz.

Indicators of socioeconomic position

Education, occupation, income and wealth were the four selected indicators of SEP and
information was collected in the seventh wave of ELSA, between June 2014 and May 2015. We
considered five categories of the highest educational attainment: degree/higher education; A
level (Level 3 of the National Qualifications Framework); O levels CSE (Certificate of Secondary
Education); foreign/other; no qualifications. Tertiles of self-reported occupation were based on
the National Statistics socio-economic classification (NS-SEC): managerial and professional;
intermediate; routine and manual occupations). The relative financial position of the
participants was captured by quintiles of the net household income (first quintile lowest; fifth
quintile highest) that is summed across household members. In order to avoid the information

bias that is related to the retirement status, we used quintiles of the total non-pension wealth
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that is reported at the household level (first quintile lowest; fifth quintile highest), which

represents the sum of net financial wealth, net physical wealth and net housing wealth.

Covariates

Age, marital status, retirement status and non-medical determinants of health (body
mass index, physical activity, tobacco and alcohol consumption) were assessed as covariates in
the association between SEP indicators and HL>.

Age was categorised into three groups (50-64, 65-74, 75-89), to allow for a comparison
with Benova et al.,?® who examined the association of socioeconomic position with hearing
difficulty in ELSA wave 2.

Marital status was dichotomised into those that are currently married or not. Those who
are currently married included the categories a) married, first and only marriage, b) in a
registered Civil Partnership, c) remarried, in a second or later marriage. Those that categorised
as not currently married included the categories a) single, that is never married and never
registered in a marriage, b) separated, but still legally married, c) divorced, d) widowed.

Retirement status was dichotomised into those who were retired or not, according to the
self-reported employment status.

Body Mass Index (BMI) measurements were grouped in four categories, according to
WHO definitions?!: (a) underweight: BMI under 18.5, (b) normal: BMI 18.5 or over but less than
25, (c) overweight: BMI 25 or over but less than 30, and (d) obese: BMI 30 or over.

Tobacco consumption of any type of nicotine products was recoded into three categories:
those that were current smokers, those that were former smokers and those that never
smoked. Both current and former smokers answered the question of ‘number of cigarettes
smoked per day’, to explore whether they were occasional or regular smokers.

Alcohol consumption was recorded using several continuous variables such as the
number of days of alcohol consumption in the last seven days and the number of (a) measures
of spirit, (b) glasses of wine and (c) pints of beer that the respondents had consumed during

this period. We constructed a continuous variable to represent the sum of units of alcohol that
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the participants consumed in the last seven days, according to the Chief Medical Officer’s
Drinking Guidelines??, that counts as 1 unit each measure of spirit and as 2 units each glass of
wine of pint of beer. The constructed variable of units of alcohol during the last seven days was
further dichotomised into those that consumed more than 14 units of alcohol the last seven
days or not, in a separate variable.

Levels of physical activity were described by three ordinal variables that examined the
frequency that the respondents do rigorous, moderate or mild sports or activities, with possible
answers (a) more than once a week, (b) once a week, (c) one to three times a month and (d)

hardly ever, or never.

Statistical analysis

Categorical variables are presented as absolute (n) and relative (%) frequencies, while
continuous variables are presented using their mean and standard deviation. The Kolmogorov-
Smirnov test and normal plots were used to test the normality of the quantitative variable
distributions. All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable
objective hearing data, measured by a qualified nurse. In total, 257 participants refused to have
the assessment (the 2.6% of the full cohort of 9,666 participants). As there was no pattern in
the missing data regarding age, sex, education, occupation, income and wealth and due to low
proportion of missingness (<5%), records with missing data were dropped from the analyses.

We fitted multiple logistic regression models to evaluate the odds of HL at various
socioeconomic strata, controlling for gender, age and non-medical determinants of health (BMI,
physical activity, tobacco and alcohol consumption). Additionally, we fitted four separate
stepwise logistic regression models, to examine the association of HL with non-modifiable (age,
gender: Step 1), partly modifiable (education, occupation, income, wealth: Step 2, respectively),
and fully modifiable lifestyle risk factors (body mass index, physical activity, tobacco and alcohol
consumption: Step 3). Age was entered into the multivariable logistic regression models as a

continuous variable, to maximise power.
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The variants of pseudo R squared statistics were based on the deviance of the models
and used to express how much variance in the outcome is explained by the variables in each
stepwise multiple logistic regression model. The variance inflation factor (VIF) was used as an
indicator of multicollinearity and the Hosmer-Lemeshow test was used as a post estimation
tool, which quantified the goodness-of-fit of the models. For all models, odds ratios, 95%
confidence intervals, unadjusted and adjusted coefficients’ beta values, pseudo R? and mean
VIFs are presented. The two-tailed significance level was set <0.05. All data were analysed using

Stata version 14 (StataCorp, 2015)23.

RESULTS

Socio-demographic characteristics

Overall, 26.6% (2,266/8,529) of adults aged 50-89 had HL >35 dB HL at 3.0 kHz. The
percentages were 32.1% (1,198/3,728, 95%Cl 0.31 to 0.34) for men and 22.3% (1,068/4,801,
95%Cl 0.21 to 0.23) for women, respectively. Table 1 shows the distribution of socio-
demographic characteristics of the sample (n=8,529, aged 50-89) according to hearing acuity.
The proportion of men and women with HL >35 dB HL at 3.0kHz was 53.9 (1,158) and 46.2
(994), respectively. However, men were 1.5 times more likely to have moderately severe or
severe HL compared to women. One in three adults aged 65-75 had hearing loss and the
percentage of HL in age band 75-89 was threefold larger than in age band 50-64, as one out of

every two adults aged 75-89 had HL >35 dB HL at 3.0kHz.

Table 1

Lifestyle factors

Lifestyle factors of the participants are presented in Table 2. Over half of the participants

were current or former smokers. In addition, patterns of high levels of alcohol consumption

10
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among all participants were revealed, with average consumption of more than 14 units of
alcohol in the last seven days for two out of three participants (5,223/8,528, 95%Cl 0.60 to
0.61). Nearly one out of every three of those drinking above the low risk level guidelines??
(1,457/5.223, 95%Cl 0.27 to 0.29) had HL >35 dB HL at 3.0 kHz.

Three out of four of those with HL >35 dB HL at 3.0 kHz were overweight or obese.
Furthermore, those with HL >35 dB HL at 3.0 kHz were twice as likely to hardly ever or never

engage in moderate or mild sports activities compared to hearing participants.

Table 2

Hearing Loss

Table 3 and Figure 1 show the results of multiple logistic regression analysis with HL >35
dB HL at 3.0 kHz as the dependent variable and SEP indicators as the independent variables, per
each gender. The adjusted odds of HL were higher for those with no qualifications versus those
with a degree/higher education (men: OR 1.87, 95% Cl 1.47-2.38, women: OR 1.53, 95% Cl 1.21-
1.95), those in routine/manual occupations versus those in managerial/professional
occupations (men: OR 1.92, 95% Cl 1.43-2.63, women: OR 1.25, 95% Cl 1.03-1.54), and those in
the lowest versus the highest income and wealth quintiles (men: OR 1.62, 95% Cl| 1.08-2.44,
women: OR 1.36, 95% Cl 0.85-2.16 and men: OR 1.72, 95% Cl 1.26-2.35, women: OR 1.88, 95%
Cl 1.37-2.58, respectively).

Table 3 & Figure 1

Table 4 shows the summary of stepwise logistic regression analysis for variables
predicting HL >35 dB HL at 3.0 kHz. All regression models were statistically significant. Age and
gender only explained about 15% of the variance in the likelihood of HL. The addition of

lifestyle factors attenuated significantly the association between the HL and SEP indicators and
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in total the addition of SEP and lifestyle factors in the regression models explained another 10
to 15% of the variance in the likelihood of HL. The total variance explained in the overall models
containing demographic factors, SEP and lifestyle factors ranged between 25 and 27%. This
finding suggests that SEP and lifestyle factors have an equal contribution to HL as age and
gender.

The differences in hearing loss prevalence between males and females were observed
across all age bands investigated. However, we noticed that the rate of deterioration of hearing
acuity as age increases was similar between each age band and nearly to 60% in both genders
(Figure 2). The difference in prevalence begins at the age band “50-64”, where men were twice

as likely to have HL.

Table 4

DISCUSSION

Summary of main findings

In this study we examined whether SEP and modifiable lifestyle factors are associated
with HL among older adults in England. We found that variation in education, occupation,
income and wealth, which are important determinants of health inequality, are associated with
HL. SEP was strongly associated with the likelihood of HL in older adults, with the higher levels
of education, income and wealth being less likely to be associated with HL, and the manual
occupations increased the likelihood of HL. We also found that socioeconomic and several
modifiable lifestyle factors (such as high body mass index, physical inactivity, tobacco
consumption and alcohol intake above the low risk level guidelines??) are associated with the
likelihood of HL as strongly as well-established demographic factors such as age and gender HL.
These findings suggest that a large proportion of HL burden is potentially preventable and
support the proposition of Scholes et al.®, that there is serious potential to reduce the

prevalence and impacts of HL by understanding the impact of socioeconomic inequality in

12

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 12 of 37

"yBuAdoo Ag palosloid 1senb Ag 20z ‘g [udy uo /wod fwg uadolwgy/:dny wouy papeojumoq ‘6T0Z Jequialdss /T uo 0E0TE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

Page 13 of 37

oNOYTULT D WN =

BMJ Open

hearing health. Thus, the incidence and severity of HL in England could be significantly reduced
by governmental policies to mitigate socioeconomic disparities and public health interventions
to promote healthier lifestyles in middle-aged and older adults in England. The occurrence of
objective hearing data eliminated the different types of bias that occur in self-reporting hearing

difficulties?, strengthening the accuracy of findings.

Strengths and limitations

The main strength of our study was that is the first to examine the association of four
separate SEP indicators with HL among older adults in England, instead of a proxy measure to
reflect one’s total SEP, capturing therefore most of the variation in socioeconomic
stratification'? and also the role of modifiable lifestyle risk factors in these associations.
Another strength is that the analyses were based on a representative cohort of 8,529
participants contained in ELSA, which is a rich resource of information on the dynamics of
health, social, wellbeing and economic circumstances in the English population aged 50 and
older?®,

However there are also important limitations. First, no causal or temporal relationships
can be established between lifestyle factors and HL in this cross-sectional study. Unhealthy
lifestyle behaviours could lead to HL in older people but is also possible that older people adopt
less healthy lifestyles after HL. Second, all the analysed factors explained less than one third of
the variance for the occurrence of HL suggesting that there are additional major factors
associated with HL in older adults which have not been included in our analyses. Longitudinal
analyses using a broader range of physical health, mental health and social care variables are
highly recommended to obtain a comprehensive understanding of modifiable factors which
contribute to HL among older adults in England. Third, the ELSA dataset did not include
information concerning the occupational and social noise exposure, which has a damaging
effect in hearing®. We therefore were not able to examine the association of noise exposure
with smoking in the relationship of SEP with HL, as in a previous study which found that the

smoking habit in workers exposed to occupational noise greatly influenced HL?*>. However, we
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examined the association of manual occupations with HL and its attenuation by modifiable
determinants including smoking habit, which is of a higher prevalence among those that work
in routine and manual occupations in England?!3. Finally, we did not use in our analyses the non-
response statistical weights for the refreshment sample members, who were selected from HSE

2011 and 2012, which may have reduced the generalizability of our findings.

Research and policy implications

A number of previous studies have reported that the odds of HL in older adults were
significantly increased for those with lower educational attainment ©102627, and those in
manual versus non-manual occupations?®2230931 Besides, income has also been reported as a
correlate of HL, with the prevalence of untreated HL being higher among low-income older
adults in the United States3™. In our study, those in the lowest quintile of net household income
had disproportionally higher percentages of moderate HL compared to moderately severe or
severe HL, but this pattern was not revealed in the quintiles of wealth, as expected. This may
reveal a possible delay in diagnosis of hearing problems among those in lower SEP due to
financial barriers in access to health services3?, which needs further exploration, as HL is highly
undiagnosed and untreated among older adults in England?°.

International studies have also shown that tobacco consumption, high body mass and
high fat and high calorie food consumption can have an extensive impact on hearing 11333435
On the other hand, a higher level of physical activity is related inversely with risk of HL34. In our
study, two out of three of the participants were drinking more than the low risk level of the 14
units of alcohol a week?2. We considered therefore that alcohol consumption above the low risk
level guidelines may play an important role in the association between SEP and HL among the
English population and thus we included this variable in the regression models, which has not
been previously examined in the literature for the English population. Our findings showed that
drinking above the low risk level guidelines increased the likelihood of HL, being in line with
Chief Medical Officer’s Drinking Guidelines?? which suggest that it is safest not to drink regularly

more than 14 units per week, to keep health risks from drinking alcohol to a low level.
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The associations between indicators of lower socioeconomic position and hearing loss
may be markers of less healthy lifestyle®>, which may explain the link between HL and
socioeconomic and lifestyle factors investigated. Cruickshanks et al, (2015) 3¢ addressed hearing
loss in a younger population-based sample (aged 18 to 74 years) of Hispanics/Latinos and
included in the multivariable-adjusted model of their study the body mass index, smoking, and
alcohol but they found that these factors were not significantly associated with hearing
impairment. That may reveal that hearing loss in older population (e.g. 50 years and above) is
probably associated with different risk factors or even with the cumulative effect of the
socioeconomic and lifestyle risk factors across the life-course.

The higher prevalence of HL among men aged 50 and above compared to women has also
been reported in other studies®®. However, we noticed that the rate of deterioration of hearing
acuity as age increases was similar between each age band and nearly to 60% in both genders,
as Figure 2 shows. The difference in prevalence begins at the age band “50-64”, where men
were twice as likely to have HL. Thus, the differences in modifiable lifestyle factors that were
revealed in the stepwise regression models may finally explain why the male sex is often cited
as consistent risk factor for hearing loss3°3%37, |eading to the exploration of modifiable
determinants that are common in both genders® and paving the way for interventions to
improve the population’s hearing health.

In terms of policy, providing evidence concerning the critical variables associated with HL
is an important step in designing targeted services and interventions for individuals that face
hearing health inequalities, and especially of those in the lowest SEP groups, were the burden
of HL fall highest. This is of major importance for the population in England, as the sensor
diseases are the first leading cause of morbidity among adults 70 years and older and the
second leading cause among adults 50-69 years'3. Our findings provide support to the view that
HL is a non-communicable disease3® which can be prevented or ameliorated by governmental
policies to mitigate socioeconomic disparities and public health interventions to promote

healthier lifestyles in middle-aged and older adults in England.
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Conclusion

The main finding of our study is that HL is strongly associated with socioeconomic
factors and modifiable lifestyle behaviours. Our findings are supportive of a new
conceptualisation of HL which argues that HL is not necessarily an inevitable accompaniment of
ageing, but also a potential preventable lifestyle disease, paving the way for the term lifestyle-
related hearing loss, where lifestyle refers to social practices and ways of living adopted by
individuals that reflect personal, group, and socio-economic identities®®, instead of the non-
inclusive term “age-related hearing loss”. Future research in hearing health inequalities should
investigate the role of the prolonged exposure to these modifiable lifestyle behaviours in the

development of HL and the role of other comorbid chronic diseases in the elderly.
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Table 1
Participants socio-demographic characteristics (N=8,529, aged 50-89)

LI0 0E0TE0-6TOZ-Uadolw

Hearing acuity % (N) in the better-hedting ear

Variable Normal Hearing HL >35 dB HL at Moderate Hlé’éJ Moderately
3.0kHz g severe or severe
Gender N
Male 40.7 (2,488) 53.9 (1,158) 50.1(727) o 61.5 (431)
Female 59.3 (3,623) 46.2 (994) 49.9 (724) 9 38.5 (270)
Age® 64.3 (9.29) 69.7 (19.19) 70.0 (15.858 69.1 (24.41)
Age group §_
50-64 51.3(3,135) 16.2 (349) 19.3 (280)% 9.8 (69)
65-74 34.55(2,108) 33.6 (722) 36.9 (535) g 26.7 (187)
75-89 14.2 (868) 50.2 (1,081) 43.8 (636) = 63.5 (445)
Currently married E
No 31.2 (1,908) 38.4 (826) 37.5 (544)5 40.2 (282)
Yes 68.8 (4,202) 61.6 (1,326) 62.5(907)S 59.8 (701)
Retirement status g
Retired 52.4 (3,205) 78.3 (1,685) 76.6 (1,112)8. 81.3 (573)
Not retired 47.6 (2,905) 21.7 (467) 23.4 (339)8 18.3 (128)
Education §
Degree/Higher Education 33.7 (1,996) 26.4 (562) 28.1 (404); 22.9 (158)
Alevel 10.0 (596) 6.4 (137) 7.0 (100) = 5.4 (37)
O level/CSE grade 24.4 (1,448) 22.3 (473) 22.4(321) % 22.0 (152)
Foreign/Other 13.5 (798) 11.9 (252) 11.9 (171)8 11.7 (81)
No qualifications 18.4 (1,090) 33.0 (701) 30.6 (439) 5 38.0 (262)
Occupation based National Statistics <Q
Socio-economic Classification (NS-SEC) &
Managerial and professional occupations 23.4 (1,158) 21.5 (423) 21.6 (285)0 21.2 (138)
Intermediate occupations (non-manual) 43.4 (2,149) 33.8 (665) 36.2 (477) % 28.9 (188)
Routine and manual occupations 33.2 (1,644) 44.7 (1,643) 42.2 (1,318 49.9 (325)
g (Continued)
g
<
g
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2 &
3 X
4 o
5 - >
p Table 1 (Continued) H
- Participants socio-demographic characteristics (N=8,529, aged 50-89) %

Ne]
8 Hearing acuity % (N) in the better-hearigg ear
9 Variable Normal Hearing HL >35 dB HL at Moderate % Moderately
10 3.0kHz HL* g severe or severe
! e
13 Net Household Income 9
14 First quintile (lowest) 17.0 (872) 21.3 (421) 19.7 (262) 5 24.8 (159)
15 Second quintile 18.7 (959) 24.8 (489) 24.7 (329)§_ 24.9 (160)
16 Third quintile 20.1 (1,034) 23.0 (453) 22.3 (297)2 24.3 (156)
17 Fourth quintile 22.5 (1,154) 18.6 (367) 19.9 (265)3 15.9 (102)
18 Fifth quintile (highest) 21.7 (1,112) 12.3 (243) 13.4 (178) _BT 10.1 (65)
19 Net Financial Wealth B
;‘1) First quintile (lowest) 15.5 (794) 14.7 (290) 14.9(199) § 14.2 (91)
2 Second quintile 17.1 (879) 24.1 (475) 22.1 (294)%‘ 28.2 (181)
23 Third quintile 19.6 (1,006) 23.6 (466) 23.4 (311)8 24.1 (155)
24 Fourth quintile 23.5 (1,204) 20.3 (400) 21.3 (284)S 18.1 (116)
25 Fifth quintile (highest) 24.3 (1,248) 17.3 (342) 18.3 (243)§ 15.4 (99)
26 2
27 S
28 Values are expressed as % (N) unless otherwise is indicated. -5
29 =
30 aMean (Standard deviation) i
31 X
32 *Moderate hearing loss: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of the three tones at 3.0 kHz heardy
gi **Moderately severe or severe hearing loss: tone heard or not at 75 dB HL and tones not heard at 55 dB HL and 35 dB HL (0 or l‘gf the three tones at 3.0 kHz heard).
35 '%
36 re)
37 o)
38 g
39 g
40 8
41 <
42 g
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Table 2

Participants’ lifestyle factors (N=8,529, aged 50-89)
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=
Hearing acuity % (N) in the better-hearing ear

Variable Normal Hearing HL >35dB Moderate + Moderately
HL HL* 0 severe or
at 3.0kHz = severe HL**
- S
Tobacco consumption >
(any type of nicotine products) N
Current 11.7 (712) 10.0 (215) 9.6(139) 3 10.8 (76)
Former 49.0(2,996)  56.7(1,219) 55.8(810) o 58.4 (409)
Number of cigarettes smoked per day ® 12.79 (14) 12.79 (13) 12.69 (13)% 11.90 (12)
Never 39.3 (2,403) 33.3 (718) 34.6(502) § 30.8 (216)
Alcohol consumption (in the last 7 days) o
Number of days of alcohol consumption ® 3(3) 3 (4) 3(4) 3 3(4)
Number of measures of spirit 2 2.1(2) 2.3(3) 2.2 (3) i 2.6 (3)
Number of glasses of wine 2 4.3 (6) 3.6 (5) 3.9 (6) -5"\" 3.1(4)
Number of pints of beer 2 2.1(2) 2.3(3) 2.3(3) gf 2.4 (3)
Total units of alcohol in the last 7 days? 15.0 (18) 14.2 (19) 14.5 (21) ) 13.5(17)
Consumption of more than 14 units 61.6 (3,766) 67.7 (1,457) 67.3 (977) :3'; 68.5 (480)
BMI Classification El
Underweight 3.4 (160) 5.0 (92) 4.9 (60) S 5.3(32)
Normal 26.9 (1,255) ) 20.6 (376) 19.6(239) g 22.7 (137)
Overweight 40.0 (1,869) 42.8 (780) 41.4 (506) P 45.4 (274)
Obese 29.7 (1,390) 31.6 (576) 34.1 (416) = 26.6 (160) )
Physical Activity o
Frequency does rigorous sports or activities §
More than once a week 23.0 (1,407) 14.3 (307) 16.1 (233) E 10.6 (74)
Once a week 10.3 (626) 7.0 (151) 7.9 (115) § 5.1(36)
One to three times a month 10.1 (617) 7.1(153) 7.6(111) = 6.0 (42)
Hardly ever, or never 56.6 (3,459) 71.6 (1,541) 68.4 (992) S 78.3 (549)
>
g (Continued)
o
g
8
2
é‘ 20
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Table 2 (Continued)
Participants’ lifestyle factors (N=8,529, aged 50-89)

BMJ Open

Hearing acuity % (N) in the better-hearing ear

Variable Normal Hearing HL >35 dB Moderate Moderately
HL HL* severe or

at 3.0kHz severe HL**

Physical Activity (continued)

Frequency does moderate sports or activities

More than once a week 68.4 (4,180) 51.3 (1,104) 53.7 (780) 46.2 (324)

Once a week 12.6 (771) 13.6 (292) 14.1 (204) 12.6 (88)

One to three times a month 5.9 (360) 7.8 (169) 7.6 (110) 8.4 (59)

Hardly ever, or never 13.1(799) 27.3 (587) 24.6 (357) 32.8(230)

Frequency does mild sports or activities

More than once a week 83.9 73.7 76.0 (1,103) 68.9 (483)

Once a week 8.2 10.1 9.8 (142) 10.5 (74)

One to three times a month 2.3 3.5 3.3(48) 4.0 (28)

Hardly ever, or never 5.6 12.7 10.9 (158) 16.6 (116)

Values are expressed as % (N) unless otherwise is indicated.

3Mean (Standard deviation)

bMedian (Range)
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*Moderate hearing loss: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of the three tones at 3.0 kHz hearcﬁ
**Moderately severe or severe hearing loss: tone heard or not at 75 dB HL and tones not heard at 55 dB HL and 35 dB HL (0 or £of the three tones at 3.0 kHz
N

heard).
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Table 3.
Multiple logistic regression analysis of N=8,529, aged 50-89 with HL >35 dB HL at 3.0kHz in better —hearing ear as de
and SEP indicators as independent variables

ndent variable

€BTE0-6T0Z-uadolwa/9e

oNOYTULT D WN =

Unadjusted OR (95% CI)* Adjusted OR{95% CI)**

Men Women Men Women
Education
No qualifications 2.39 (1.96-2.90) 2.67 (2.20-3.24) 1.87 (1.47-2.38) 1.53 (1.21-1.95)
Foreign/Other 1.06 (0.83-1.36) 1.37 (1.07-1.74) 1.46 (1.09-1.94) 0.99 (0.74-1.32)
O level/CSE grade 1.56 (1.29-1.89) 1.00 (0.80-1.25) 1.42 (1.13-1.79) 0.94 (0.73-1.22)
Alevel 1.01 (0.77-1.32) 0.69 (0.50-0.97) 1.08 (0.78-1.51) 0.82 (0.56-1.21)
Degree/Higher Education
(reference)

Occupation based National Statistics socio-
economic classification (NS-SEC)

Routine and manual occupations
Intermediate occupations (non-manual)

Managerial and professional occupations
(reference)

1.69 (1.39-2.08)
1.47 (1.23-1.75)

1.35 (1.15-1.59)
1.54 (1.19-1.96)

1.92 (1.43-2.63)
1.61 (1.25-2.08)

1.25 (1.03-1.54)
1.35 (1.01-1.85)

Net Household Income

First quintile (lowest) 1.94 (1.50-2.52) 3.04 (2.31-3.99) 1.62 (1.08-2.44) 1.36 (0.85-2.16)
Second quintile 2.12 (1.67-2.70) 3.00 (2.28-3.93) 1.31(0.93-1.85) 1.40(0.89-2.18)
Third quintile 1.98 (1.56-2.51) 2.31(1.75-3.05) 1.40(1.01-1.94) 1.08 (0.69-1.67)
Fourth quintile 1.38(1.08-1.74) 1.65 (1.23-2.20) 1.09 (0.80-1.49) 1.08 (0.70-1.66)
Fifth quintile (highest)

(reference)

Net Financial Wealth

First quintile (lowest) 1.11 (0.86-1.45) 1.79 (1.38-2.33) 1.72 (1.26-2.35) 1.88(1.37-2.58)
Second quintile 1.92 (1.52-2.42) 2.39 (1.88-3.04) 1.66 (1.26-2.18) 1.33(1.00-1.77)
Third quintile 1.63 (1.30-2.04) 1.95 (1.53-2.50) 1.45 (1.12-1.88) 1.41 (1.06-1.88)
Fourth quintile 1.06 (0.85-1.32) 1.48 (1.15-1.91) 0.96 (0.75-1.24) 1.26 (0.94-1.68)

Fifth quintile (highest)
(reference)

*Unadjusted odds ratio (OR) ** Odds Ratio adjusted for age, marital status, retirement status, body mass index, tobacco consumption, alcohol consun%tion and physical activity.
Q
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©
3 Table 4. '8
4 Summary of stepwise logistic regression coefficients for variables predicting HL >35 dB HL at 3.0kHz in the better-hearing ear (N=8,529, a&ed 50-89), according to different SEP
5 indicators (education, occupation, income, wealth). G
? Model A Model B Model C > Model D
8 Step/Predictor Step 1 Step 2a Step 3 Step 1 Step 2b Step 3 Step 1 Step 2c Stea3 Step 1 Step 2d Step 3
9 1 Non-modifiable (Education) (Occupation) (Income) '% (Wealth)
10 Gender (female) -.62%** -.59¥** S J2E* -.B2¥** -.64*** -.68*** -.B2X ¥ -.69*** - 703** -.B2*** -.69*** -.B2¥ ¥
11 Age 2%k A%E* 0% ** 2% ** 3FH* B Rl 2% ** B Rl .11%* 2% ** AKE* 2% **
12 2 Partly modifiable o
13 1 2a Education - 15%** 1R - - - 0 - -
14 2b  Occupation (manual) - 26%** 20%** - 5 - -
15 2c  Net Household Income - - - J14%%* -.093** - -
16 124  Net Financial Wealth - - - - 2 Y A b
1; 3 Modifiable 2
19 Smoking (current/former) .10* .09 Ny .09**
20 Alcohol consumption 24%%* J19¥** 17%‘* .18%*
2 (> 14 units per week) °
22 Body mass index (<25) -.05* -.06 -3 -.04
23 Physical Activity - 14%x* - 16*** -.122** - 13%x*
24 (rigorous sports or activities, E
25 once or more/week) =3
26 Physical Activity -.24%x* - 24% %% - 24;0** -.24%x*
27 (moderate sports or activities, %
28 once or more/week) o
29 Physical Activity VAL S 1G¥*k - 15E¥* - 14%%%
30 (mild sports or activities, -5
31 once or more/week) ©
32 Pseudo R? 15 18 .28 15 19 26 17 18 29 17 18 27
33 4 Pseudo R? - .03 10 - .04 .07 - .01 13 - .01 .09
2‘5‘ Mean VIF - - 1.16 - - 1.20 - - 13 - ; 1.15
36 *p < .05. **p < .01 ***p < .001 2
37 T
38 %
0 :
41 E
42 2
43 a 23
44 =
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Figure 1.
Associations between socioeconomic position and hearing loss in middle aged and older adults (N=8,529, aged 50-89). Indicatorgbf SEP were categories of the
highest educational attainment (degree/higher education as a reference), tertiles of self-reported occupation based on the Nat%nal Statistics Socio-economic
Classification (NS-SEC) (managerial and professional as reference), quintiles of the net household income (first quintile Iowe:st; fifth quintile highest) and
quintiles of the total non-pension wealth that is reported at the household level (first quintile lowest; fifth quintile %ighest). Lines represent OR
(outcome=hearing loss) and its 95% Cl. Model A (rhombus): unadjusted. Model B (circles): adjusted for age, marital status, retire:cgrnent status, body mass index,

tobacco consumption, alcohol consumption and physical activity.

Figure 2.

popeojumoq "6T0C

Hearing loss by age group and gender (N=8,529 participants, aged 50-89, from the seventh wave of the English Longitudinal Studof Ageing (ELSA).

Hearing loss was defines as >35 dB HL at 3.0 kHz, in the better-hearing ear.
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Figure 1.

Associations between socioeconomic position and hearing loss in middle aged and older adults (N=8,529,
aged 50-89). Indicators of SEP were categories of the highest educational attainment (degree/higher
education as a reference), tertiles of self-reported occupation based on the National Statistics Socio-

economic Classification (NS-SEC) (managerial and professional as reference), quintiles of the net household
income (first quintile lowest; fifth quintile highest) and quintiles of the total non-pension wealth that is
reported at the household level (first quintile lowest; fifth quintile highest). Lines represent OR

(outcome=hearing loss) and its 95% CI. Model A (rhombus): unadjusted. Model B (circles): adjusted for

age, marital status, retirement status, body mass index, tobacco consumption, alcohol consumption and

physical activity.

72x67mm (300 x 300 DPI)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 28 of 37

"yBuAdoo Ag palosloid 1senb Ag 20z ‘g [udy uo /wod fwg uadolwgy/:dny wouy papeojumoq ‘6T0Z Jequialdss /T uo 0E0TE0-6T0Z-Uadolwa/9eTT 0T Se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

Page 29 of 37

oNOYTULT D WN =

BMJ Open

92.7%

80.7%

86.3%

67.3%

50.8%
61.4% 49.2%

percent

38.6%
32.7%

19.3%

13.7%

J N

50-64 65-74 75-89 50-64 65-74 75-89
Male Female

[ Yes HL No HL

Figure 2.
Hearing loss by age group and gender (N=8,529 participants, aged 50-89, from the seventh wave of the
English Longitudinal Study of Ageing (ELSA).
Hearing loss was defines as >35 dB HL at 3.0 kHz, in the better-hearing ear.
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No

Recommendation

Title and abstract

1

(a) Socioeconomic and lifestyle factors associated with hearing loss in older adults: A
cross-sectional study of the English Longitudinal Study of Ageing (ELSA)
(Page 1)

(b) Objectives: Aims were (a) to examine whether socioeconomic position (SEP) is
associated with hearing loss (HL) among older adults in England and (b) whether
major modifiable lifestyle factors (high body mass index, physical inactivity, tobacco
consumption and alcohol intake above the low risk level guidelines) are associated
with HL after controlling for the effects of non-modifiable demographic factors and
SEP.

Setting: We used data from the wave 7 of the English Longitudinal Study of Aging
(ELSA), which is a longitudinal household survey dataset of a representative sample
of people aged 50 and older in England.

Participants: The final analytical sample was n=8,529 participants, aged 50-89, who
gave their consent to have their hearing acuity objectively measured by a screening
audiometry device and did not have any ear infection.

Primary and secondary outcome measures: HL defined as >35 dB HL at 3.0 kHz,
in the better-hearing ear. Those with HL were further subdivided into two categories
depending on the number of tones heard at 3.0 kHz.

Results: HL was identified in 32.1% of men and 22.3% of women aged 50-89. Those
in a lower SEP were up to two times more likely to have HL; the adjusted odds of HL
were higher for those with no qualifications versus those with a degree/higher
education, those in  routine/manual  occupations versus those in
managerial/professional occupations, and those in the lowest versus the highest
income and wealth quintiles. All regression models showed that socioeconomic and
the modifiable lifestyle factors were strongly associated with HL after controlling for
age and gender.

Conclusions: Our findings show that socioeconomic and lifestyle factors are
associated with HL among older adults as strongly as core demographic risk factors,
such as age and gender. Socioeconomic inequalities and modifiable lifestyle
behaviours need to be targeted by health policy strategies, as an important step in
designing interventions for individuals that face hearing health inequalities.

(Page 2)

Introduction

Background/rationale

2

Prior research has established health disparities in a wide range of health conditions
according to socioeconomic position (SEP). Furthermore, there is evidence that
several modifiable lifestyle factors, such as smoking, alcohol consumption, high body
mass index and physical inactivity are associated with bad hearing health. However,
hearing health inequalities is an emerging research area and the existing evidence on

the relationship of HL with SEP and modifiable lifestyle factors is limited. There is a
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major public health need to assess whether HL is associated with SEP and lifestyle
factors because this understanding could inform recommendations for HL
preventative strategies. These could include wider implementation of interventions to
promote ‘healthier lifestyles’, or governmental policies for socioeconomic equity
among older people in the community.

(Page 4)

Objectives

The aims of this study were (a) to examine whether SEP is associated with HL among
older adults in England and (b) whether major modifiable lifestyle factors are
associated with HL after controlling for the effects of non-modifiable demographic
factors and SEP.

(Page 5)

Methods

Study design

The present study used data from the English Longitudinal Study of Aging (ELSA).
The ELSA is a longitudinal household survey dataset of a representative sample of
people aged 50 and older in England. It is designed as a large-scale prospective cohort
study, with repeat measures of core variables over numerous waves, in order to
explore trajectories on the health, social, wellbeing and economic circumstances.

(Page 5)

Setting

The current sample contains data from up to eight waves of data collection covering a
period of 15 years, with an ongoing two-year follow-up longitudinal design. Objective
hearing health data was available only in wave 7, where information was collected
from 9,666 participants, between June 2014 and May 2015.

(Page 5)

Participants

For the purposes of this study, the final analytical sample was n=8,529 participants,
aged 50-89, who gave their consent to have their hearing acuity measured by a
screening audiometry device and did not have any ear infection or a cochlear implant.

(Page 5)

Variables

Outcomes
Hearing loss
HL was defined as >35 dB HL at 3.0 kHz, in the better-hearing ear. Those with HL
were further subdivided into two categories depending on the number of tones heard
at 3.0 kHz. This is the level where intervention for HL has been shown as definitely
beneficial. For that reason this categorisation has previously been used in the literature
for the characterisation of those assessed by the same audiometric screening device
(HearCheck™). Thus, we further explored potential differences in the association
between SEP indicators and HL, according to the severity of HL, as measured by
HearCheck™. The categorization of those with HL was as following:

(a) “Moderate HL”: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL
(the first 2 of the three tones at 3.0 kHz heard),

(b) “Moderately severe or severe HL”: tone heard or not at 75 dB HL and tones
not heard at 55 dB HL and 35 dB HL (0 or 1 of the three tones at 3.0 kHz heard).
The ordinal variable “hearing acuity” (in better ear) was consisted of the above two

categories of HL and the category of “normal hearing”, which was defined as having
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heard all the three tones of the hearing screening test at 3.0 kHz.

Indicators of socioeconomic position

Education, occupation, income and wealth were the four selected indicators of SEP
and information was collected in the seventh wave of ELSA, between June 2014 and
May 2015. We considered five categories of the highest educational attainment:
degree/higher education; A level (Level 3 of the National Qualifications Framework);
O levels CSE (Certificate of Secondary Education); foreign/other; no qualifications.
Tertiles of self-reported occupation were based on the National Statistics socio-
economic classification (NS-SEC): managerial and professional; intermediate; routine
and manual occupations). The relative financial position of the participants was
captured by quintiles of the net household income (first quintile lowest; fifth quintile
highest) that is summed across household members. In order to avoid the information
bias that is related to the retirement status, we used quintiles of the total non-pension
wealth that is reported at the household level (first quintile lowest; fifth quintile
highest), which represents the sum of net financial wealth, net physical wealth and net
housing wealth.

Covariates

Age, marital status, retirement status and non-medical determinants of health (body
mass index, physical activity, tobacco and alcohol consumption) were assessed as
covariates in the association between SEP indicators and HL.

Age was categorised into three groups (50-64, 65-74, 75-89), to allow for a
comparison with Benova et al., who examined the association of socioeconomic
position with hearing difficulty in ELSA wave 2.

Marital status was dichotomised into those that are currently married or not. Those
who are currently married included the categories a) married, first and only marriage,
b) in a registered Civil Partnership, c) remarried, in a second or later marriage. Those
that categorised as not currently married included the categories a) single, that is never
married and never registered in a marriage, b) separated, but still legally married, c)
divorced, d) widowed.

Retirement status was dichotomised into those who were retired or not, according to
the self-reported employment status.

Body Mass Index (BMI) measurements were grouped in four categories, according to
WHO definitions: (a) underweight: BMI under 18.5, (b) normal: BMI 18.5 or over but
less than 25, (c) overweight: BMI 25 or over but less than 30, and (d) obese: BMI 30
or over.

Tobacco consumption of any type of nicotine products was recoded into three
categories: those that were current smokers, those that were former smokers and those
that never smoked. Both current and former smokers answered the question of
‘number of cigarettes smoked per day’, to explore whether they were occasional or
regular smokers.

Alcohol consumption was recorded using several continuous variables such as the

number of days of alcohol consumption in the last seven days and the number of (a)
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measures of spirit, (b) glasses of wine and (¢) pints of beer that the respondents had
consumed during this period. We constructed a continuous variable to represent the
sum of units of alcohol that the participants consumed in the last seven days,
according to the Chief Medical Officer’s Drinking Guidelines, that counts as 1 unit
each measure of spirit and as 2 units each glass of wine of pint of beer. The
constructed variable of units of alcohol during the last seven days was further
dichotomised into those that consumed more than 14 units of alcohol the last seven
days or not, in a separate variable.

Levels of physical activity were described by three ordinal variables that examined the
frequency that the respondents do rigorous, moderate or mild sports or activities, with
possible answers (a) more than once a week, (b) once a week, (c) one to three times a
month and (d) hardly ever, or never.

(Pages 6-9)

Data sources/

measurement

8*

A handheld audiometric screening device (HearCheck™) was used for the objective
measurement of hearing acuity. This is a portable and easy-to-use hearing screening
test by Siemens, that tests for audibility of pure tone beeps, according to the number
of tones that the respondent can hear for each sequence (at 1.0 kHz and 3.0 kHz), per
each ear. The functional test sequence begins with a series of three sounds, that have
decreasing volume at 1.0 kHz (55 dB HL, 34 dB HL, 20 dB HL) and afterwards
another three sounds with decreasing volume at 3.0 kHz (75 dB HL, 55 dB HL, 35 dB
HL).

(Page 6)

Bias

Prerequisites for the test were the device to make proper contact with the ear that is
tested, hearing aid(s), glasses, earrings and hair bands to be removed to prevent from
getting in the way of the hearing device and the room to be as quiet as possible.
Participants indicated when they hear the sound by raising their finger. The total
number of tones that the participants indicated they could hear in the sequence of
sounds at 1.0 kHz and 3.0. kHz, per each ear, was recorded and the total tones heard in
the better ear used for the categorization of those with HL.

In order to avoid the information bias that is related to the retirement status, we used
quintiles of the total non-pension wealth that is reported at the household level (first
quintile lowest; fifth quintile highest), which represents the sum of net financial
wealth, net physical wealth and net housing wealth.

(Page 6)

Study size

10

Information was collected from 9,666 participants, between June 2014 and May 2015.
For the purposes of this study, the final analytical sample was n=8,529 participants,
aged 50-89, who gave their consent to have their hearing acuity measured by a
screening audiometry device and did not have any ear infection or a cochlear implant.
All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable
objective hearing data, measured by a qualified nurse.

(Page 5)

Quantitative variables

11

Those with HL were further subdivided into two categories depending on the number

of tones heard at 3.0 kHz. This is the level where intervention for HL has been shown
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as definitely beneficial. For that reason this categorisation has previously been used in
the literature for the characterisation of those assessed by the same audiometric
screening device (HearCheck™). Thus, we further explored potential differences in
the association between SEP indicators and HL, according to the severity of HL, as
measured by HearCheck™. The categorization of those with HL was as following:

(a) “Moderate HL”: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL
(the first 2 of the three tones at 3.0 kHz heard),

(b) “Moderately severe or severe HL”: tone heard or not at 75 dB HL and tones
not heard at 55 dB HL and 35 dB HL (0 or 1 of the three tones at 3.0 kHz heard).
The ordinal variable “hearing acuity” (in better ear) was consisted of the above two
categories of HL and the category of “normal hearing”, which was defined as having
heard all the three tones of the hearing screening test at 3.0 kHz.
(Page 7)

Statistical methods

12

Categorical variables are presented as absolute (n) and relative (%) frequencies, while
continuous variables are presented using their mean and standard deviation. The
Kolmogorov-Smirnov test and normal plots were used to test the normality of the
quantitative variable distributions. All the 8,529 individuals (of the 9,666 initial
sample in ELSA wave 7), had usable objective hearing data, measured by a qualified
nurse. In total, 257 participants refused to have the assessment (the 2.6% of the full
cohort of 9,666 participants). As there was no pattern in the missing data regarding
age, sex, education, occupation, income and wealth and due to low proportion of
missingness (<5%), records with missing data were dropped from the analyses.

We fitted multiple logistic regression models to evaluate the odds of HL at various
socioeconomic strata, controlling for gender, age and non-medical determinants of
health (BMI, physical activity, tobacco and alcohol consumption). Additionally, we
fitted four separate stepwise logistic regression models, to examine the association of
HL with non-modifiable (age, gender: Step 1), partly modifiable (education,
occupation, income, wealth: Step 2, respectively), and fully modifiable lifestyle risk
factors (body mass index, physical activity, tobacco and alcohol consumption: Step 3).
Age was entered into the multivariable logistic regression models as a continuous
variable, to maximise power.

The variants of pseudo R squared statistics were based on the deviance of the models
and used to express how much variance in the outcome is explained by the variables
in each stepwise multiple logistic regression model. The variance inflation factor
(VIF) was used as an indicator of multicollinearity and the Hosmer-Lemeshow test
was used as a post estimation tool, which quantified the goodness-of-fit of the models.
For all models, odds ratios, 95% confidence intervals, unadjusted and adjusted
coefficients’ beta values, pseudo R? and mean VIFs are presented. The two-tailed
significance level was set <0.05. All data were analysed using Stata version 14.

(Pages 9-10)

All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable

objective hearing data, measured by a qualified nurse. In total, 257 participants
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refused to have the assessment (the 2.6% of the full cohort of 9,666 participants). As
there was no pattern in the missing data regarding age, sex, education, occupation,
income and wealth and due to low proportion of missingness (<5%), records with
missing data were dropped from the analyses.

(Page 9)

Results

Participants

13*

All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable

objective hearing data and included in the study.

In total, 257 participants refused to have the assessment (the 2.6% of the full cohort of
9,666 participants). As there was no pattern in the missing data regarding age, sex,
education, occupation, income and wealth and due to low proportion of missingness
(<5%), records with missing data were dropped from the analyses.

(Page 9)

Descriptive data

14%

The analyses were based on a representative cohort of 8,529 participants contained in
ELSA, which is a rich resource of information on the dynamics of health, social,
wellbeing and economic circumstances in the English population aged 50 and older
(Page 5)

All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable
objective hearing data and included in the study. In total, 257 participants refused to
have the assessment (the 2.6% of the full cohort of 9,666 participants), but there was
no pattern in the missing data regarding age, sex, education, occupation

(Page 9)

Outcome data

15%

Overall, 26.6% (2,266/8,529) of adults aged 50-89 had HL >35 dB HL at 3.0 kHz.
The percentages were 32.1% (1,198/3,728, 95%CI 0.31 to 0.34) for men and 22.3%
(1,068/4,801, 95%CI 0.21 to 0.23) for women, respectively.

(Page 10)

Main results

16

The proportion of men and women with HL >35 dB HL at 3.0kHz was 53.9 (1,158)
and 46.2 (994), respectively. Men were 1.5 times more likely to have moderately
severe or severe HL compared to women. One in three adults aged 65-75 had hearing
loss and the percentage of HL in age band 75-89 was threefold larger than in age band
50-64, as one out of every two adults aged 75-89 had HL >35 dB HL at 3.0kHz.

The adjusted odds of HL were higher for those with no qualifications versus those
with a degree/higher education (men: OR 1.87, 95% CI 1.47-2.38, women: OR 1.53,
95% CI 1.21-1.95), those in routine/manual occupations versus those in
managerial/professional occupations (men: OR 1.92, 95% CI 1.43-2.63, women: OR
1.25, 95% CI 1.03-1.54), and those in the lowest versus the highest income and wealth
quintiles (men: OR 1.62, 95% CI 1.08-2.44, women: OR 1.36, 95% CI 0.85-2.16 and
men: OR 1.72, 95% CI 1.26-2.35, women: OR 1.88, 95% CI 1.37-2.58, respectively).
All regression models were statistically significant. Age and gender only explained
about 15% of the variance in the likelihood of HL.

(Pages 10-11)

Other analyses

17

The addition of lifestyle factors attenuated significantly the association between the
HL and SEP indicators and in total the addition of SEP and lifestyle factors in the
regression models explained another 10 to 15% of the variance in the likelihood of
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HL. The total variance explained in the overall models containing demographic
factors, SEP and lifestyle factors ranged between 25 and 27%. This finding suggests
that SEP and lifestyle factors have an equal contribution to HL as age and gender.
(Page 12)

Discussion

Key results

18

This study found that variation in education, occupation, income and wealth, which
are important determinants of health inequality, are associated with HL. SEP was
strongly associated with the likelihood of HL in older adults, with the higher levels of
education, income and wealth being less likely to be associated with HL, and the
manual occupations increased the likelihood of HL. We also found that
socioeconomic and several modifiable lifestyle factors (such as high body mass index,
physical inactivity, tobacco consumption and alcohol intake above the low risk level
guidelines) are associated with the likelihood of HL as strongly as well-established
demographic factors such as age and gender HL.

(Page 12)

Limitations

19

No causal or temporal relationships can be established between lifestyle factors and
HL in this cross-sectional study. Unhealthy lifestyle behaviours could lead to HL in
older people but is also possible that older people adopt less healthy lifestyles after
HL. Second, all the analysed factors explained less than one third of the variance for
the occurrence of HL suggesting that there are additional major factors associated with
HL in older adults which have not been included in our analyses. Longitudinal
analyses using a broader range of physical health, mental health and social care
variables are highly recommended to obtain a comprehensive understanding of
modifiable factors which contribute to HL among older adults in England. Third, the
ELSA dataset did not include information concerning the occupational and social
noise exposure, which has a damaging effect in hearing. We therefore were not able to
examine the association of noise exposure with smoking in the relationship of SEP
with HL, as in a previous study which found that the smoking habit in workers
exposed to occupational noise greatly influenced HL. However, we examined the
association of manual occupations with HL and its attenuation by modifiable
determinants including smoking habit, which is of a higher prevalence among those
that work in routine and manual occupations in England.

(Page 13)

Interpretation

20

The findings show that HL is strongly associated with socioeconomic factors and
modifiable lifestyle behaviours. These findings suggest that a large proportion of HL
burden is potentially preventable and show that there is serious potential to reduce the
prevalence and impacts of HL by understanding the impact of socioeconomic
inequality in hearing health. Our findings are supportive of a new conceptualisation of
HL which argues that HL is not necessarily an inevitable accompaniment of ageing,
but also a potential preventable lifestyle disease, paving the way for the term lifestyle-
related hearing loss, where lifestyle refers to social practices and ways of living
adopted by individuals that reflect personal, group, and socio-economic identities,
instead of the non-inclusive term “age-related hearing loss”.

(Page 16)

Generalisability

21

We used data from the wave 7 of the English Longitudinal Study of Aging (ELSA),
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which is a longitudinal household survey dataset of a representative sample of people
aged 50 and older in England. However, we did not use in our analyses the non-
response statistical weights for the refreshment sample members, who were selected

from HSE 2011 and 2012, which may have reduced the generalizability of our

findings.
(Page 14)
Other information
Funding 22 This research was funded by the NIHR Manchester Biomedical Research Centre

(BRC). The views expressed are those of the authors and not necessarily those of the
BRC, the NIHR or the Department of Health.
(Page 17)

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and
published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely
available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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ABSTRACT

Objectives: Aims were (a) to examine whether socioeconomic position (SEP) is associated with
hearing loss (HL) among older adults in England and (b) whether major modifiable lifestyle factors
(high body mass index, physical inactivity, tobacco consumption and alcohol intake above the
low risk level guidelines) are associated with HL after controlling for non-modifiable demographic
factors and SEP.

Setting: We used data from the wave 7 of the English Longitudinal Study of Ageing (ELSA), which
is a longitudinal household survey dataset of a representative sample of people aged 50 and
older.

Participants: The final analytical sample was 8,529 participants aged 50-89 that gave consent to
have their hearing acuity objectively measured by a screening audiometry device and did not
have any ear infection.

Primary and secondary outcome measures: HL defined as >35 dBHL at 3.0 kHz (better-hearing
ear). Those with HL were further subdivided into two categories depending on the number of
tones heard at 3.0kHz.

Results: HL was identified in 32.1% of men and 22.3% of women aged 50-89. Those in a lower
SEP were up to two times more likely to have HL; the adjusted odds of HL were higher for those
with no qualifications versus those with a degree/higher education, those in routine/manual
occupations versus those in managerial/professional occupations, and those in the lowest versus
the highest income and wealth quintiles. All regression models showed that socioeconomic and
the modifiable lifestyle factors were strongly associated with HL after controlling for age and
gender.

Conclusions: Socioeconomic and lifestyle factors are associated with HL among older adults as
strongly as core demographic risk factors, such as age and gender. Socioeconomic inequalities
and modifiable lifestyle behaviours need to be targeted by health policy strategies, as an

important step in designing interventions for individuals that face hearing health inequalities.
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Strengths and limitations of this study

The first study that focuses on modifiable lifestyle factors (such as high body mass index,
physical inactivity, tobacco consumption and alcohol intake above the low risk level
guidelines) associated with HL among older adults in England.

Examines four different SEP indicators to HL (education, occupation, income, wealth),
instead of a proxy measure to reflect one’s total SEP, capturing therefore most of the
variation in socioeconomic stratification, to the objectively measured HL in older adults.

The analyses were based on a representative cohort of 8,529 participants contained in
ELSA, which is a rich resource of information on the dynamics of health, social, wellbeing
and economic circumstances of the English population aged 50 and over.

The ELSA dataset did not contain information concerning the occupational and social
noise exposure, but we examined the association of manual occupations with HL and its
attenuation by modifiable determinants including smoking habit, which is of a higher
prevalence among those that work in routine and manual occupations in England.

All the analysed factors explained less than one third of the variance for the prevalence

of HL suggesting that there are additional major factors associated with HL in older adults
which have not been included in our analyses.
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INTRODUCTION

Hearing loss (HL) is a major global health challenge and the most prevalent sensory
disorder. Approximately 15% of the global adult population has some degree of HL (of at least
>25 dB HL in the better-hearing ear)! and almost 7% has disabling HL (defined as a hearing
threshold >40 dB HL in the better ear)?. HL has negative physical, social, cognitive, economic and
emotional consequences and is the fourth leading contributor to years lived with disability
worldwide?.

Previous studies have reported that HL increases with age3, exposure to high occupational
and social noise* and is more commonly in men3. There is growing evidence that there are a
number of modifiable risk factors for HL>® and, if eliminated, half cases of HL could be prevented
2, Thus there is a high potential for reducing the burden of HL, if we understand the modifiable
factors and the mechanisms that lead to hearing health inequalities, which -following the glossary
for health inequalities’- could be defined as the avoidable differences in people’s hearing health
across different social and/or population groups.

Prior research has established health disparities in a wide range of health conditions
according to socioeconomic position (SEP)%. Furthermore, there is evidence that several
modifiable lifestyle factors, such as smoking®, alcohol consumption??, high body mass index and
physical inactivity!! are associated with hearing health. Of course, causal paths have not been
established, and these associations may be confounded by deprivation or aspects of deprivation
(e.g. type of occupation). Nevertheless, quantifying such associations is the first step in that
direction; hearing health inequalities is an emerging research area and the existing evidence on
the relationship of HL with SEP and modifiable lifestyle factors is scarce. There is a major public
health need to assess whether HL is associated with SEP and lifestyle factors because this
understanding could inform recommendations for HL preventative strategies. These could
include wider implementation of interventions to promote ‘healthier lifestyles’, or governmental
policies for socioeconomic equity among older people in the community.

The aims of this study were (a) to examine whether SEP is associated with HL among older

adults in England and (b) whether major modifiable lifestyle factors are associated with HL after
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controlling for non-modifiable demographic factors and SEP in the analyses. This study is the first
that examines four different SEP indicators (education, occupation, income, wealth) in HL,
encompassing thus aspects of the life-course socioeconomic stratification!?, to the objectively
measured HL in older adults. In addition, this is the first study that explores how major lifestyle
factors for general health outcomes in the English population aged 50 years old and above (such
as smoking, high BMI, insufficient physical activity, tobacco consumption and alcohol intake

above the low risk level guidelines)'314 account for the variance in HL.

METHODS

Study population

The present study used data from the English Longitudinal Study of Ageing (ELSA). The ELSA
is a longitudinal household survey dataset of a representative sample of people aged 50 and older
in England. It is designed as a large-scale prospective cohort study, with repeat measures of core
variables over numerous waves, in order to explore trajectories on the health, social, wellbeing
and economic circumstances.’® The current sample contains data from up to eight waves of data
collection covering a period of 15 years, with an ongoing two-year follow-up longitudinal
design.®

Objective hearing health data was available only in wave 7, where information was
collected from 9,666 participants, between June 2014 and May 2015. For the purposes of this
study, the final analytical sample was n=8,529 participants, aged 50-89, that gave consent to have
their hearing acuity measured by a screening audiometry device and did not have any ear

infection or a cochlear implant.

Patient and Public Involvement

Patients were not involved in the conduct of the study.
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Hearing test

A handheld audiometric screening device (HearCheck™)'7 was used for the objective
measurement of hearing acuity. This is a portable and easy-to-use hearing screening test by
Siemens, that tests for audibility of pure tone beeps, according to the number of tones that the
respondent can hear for each sequence (at 1.0 kHz and 3.0 kHz), per each ear. The functional test
sequence begins with a series of three sounds, that have decreasing volume at 1.0 kHz (55 dB HL,
34 dB HL, 20 dB HL) and afterwards another three sounds with decreasing volume at 3.0 kHz (75
dB HL, 55 dB HL, 35 dB HL). Prerequisites for the test were the device to make proper contact
with the ear that is tested, hearing aid(s), glasses, earrings and hair bands to be removed to
prevent from getting in the way of the hearing device and the room to be as quiet as possible.
Participants indicated when they hear the sound by raising their finger. The total number of tones
that the participants indicated they could hear in the sequence of sounds at 1.0 kHz and 3.0. kHz,
per each ear, was recorded and the total tones heard in the better-hearing ear used for the
categorization of those with HL.

Previous studies have assessed the accuracy of the Siemens HearCheck™ in detecting
hearing loss and compared it with pure tone air conduction averages designated as gold standard
values. Fellizan-Lopez et al. (2011) found that in cases of moderate or worse hearing loss, the
HearCheck™ test fulfils all criteria of high sensitivity rate, high specificity rate and high positive
predictive values to be considered an accurate tool to screen for hearing loss, without the need

for soundproof audiometry booths?8,

Outcomes

Hearing loss

HL was defined as >35 dB HL at 3.0 kHz, in the better-hearing ear. Those with HL were

further subdivided into two categories depending on the number of tones heard at 3.0 kHz. This

is the level where intervention for HL has shown to be definitely beneficial.l® For that reason this
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categorisation has previously been used in the literature for the characterisation of those
assessed by the same audiometric screening device (HearCheck™)®, Thus, we further explored
potential differences in the association between SEP indicators and HL, according to the severity
of HL, as measured by HearCheck™, The categorization of those with HL was as following:

(a) “Moderate HL”: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of
the three tones at 3.0 kHz heard),

(b) “Moderately severe or severe HL”: tone heard or not at 75 dB HL and tones not heard at 55
dB HL and 35 dB HL (0 or 1 of the three tones at 3.0 kHz heard).

The ordinal variable “hearing acuity” (in the better-hearing ear) was consisted of the above
two categories of HL and the category of “normal hearing”, which was defined as having heard

all the three tones of the hearing screening test at 3.0 kHz.

Indicators of socioeconomic position

Education, occupation, income and wealth were the four selected indicators of SEP and
information was collected in the seventh wave of ELSA, between June 2014 and May 2015. We
considered five categories of the highest educational attainment: degree/higher education; A
level (Level 3 of the National Qualifications Framework); O levels CSE (Certificate of Secondary
Education); foreign/other; no qualifications. Tertiles of self-reported occupation were based on
the National Statistics socio-economic classification (NS-SEC): managerial and professional;
intermediate; routine and manual occupations). The relative financial position of the participants
was captured by quintiles of the net household income (first quintile lowest; fifth quintile highest)
that is summed across household members. In order to avoid the information bias that is related
to the retirement status, we used quintiles of the total non-pension wealth that is reported at
the household level (first quintile lowest; fifth quintile highest), which represents the sum of net

financial wealth, net physical wealth and net housing wealth.

Covariates
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Age, marital status, retirement status and non-medical determinants of health (body mass
index, physical activity, tobacco and alcohol consumption) were assessed as covariates in the
association between SEP indicators and HL>.

Age was categorised into three groups (50-64, 65-74, 75-89), to allow for a comparison with
Benova et al.,?° who examined the association of socioeconomic position with self-reported
hearing difficulty in ELSA wave 2.

Marital status was dichotomised into those that are currently married or not. Those who
are currently married included the categories a) married, first and only marriage, b) in a
registered Civil Partnership, c) remarried, in a second or later marriage. Those that categorised
as not currently married included the categories a) single, that is never married and never
registered in a marriage, b) separated, but still legally married, c) divorced, d) widowed.

Retirement status was dichotomised into those who were retired or not, according to the
self-reported employment status.

Body Mass Index (BMI) measurements were grouped in four categories, according to WHO
definitions?!: (a) underweight: BMI under 18.5, (b) normal: BMI 18.5 or over but less than 25, (c)
overweight: BMI 25 or over but less than 30, and (d) obese: BMI 30 or over.

Tobacco consumption of any type of nicotine products was recoded into three categories:
those that were current smokers, those that were former smokers and those that never smoked.
Both current and former smokers answered the question of ‘number of cigarettes smoked per
day’, to explore whether they were occasional or regular smokers.

Alcohol consumption was recorded using several continuous variables such as the number
of days of alcohol consumption in the last seven days and the number of (a) measures of spirit,
(b) glasses of wine and (c) pints of beer that the respondents had consumed during this period.
We constructed a continuous variable to represent the sum of units of alcohol that the
participants consumed in the last seven days, according to the Chief Medical Officer’s Drinking
Guidelines??, that counts as 1 unit each measure of spirit and as 2 units each glass of wine of pint
of beer. The constructed variable of units of alcohol during the last seven days was further
dichotomised into those that consumed more than 14 units of alcohol the last seven days or not,

in a separate variable.
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Levels of physical activity were described by three ordinal variables that examined the
frequency that the respondents do rigorous, moderate or mild sports or activities, with possible
answers (a) more than once a week, (b) once a week, (c) one to three times a month and (d)

hardly ever, or never.

Statistical analysis

Categorical variables are presented as absolute (n) and relative (%) frequencies, while
continuous variables are presented using their mean and standard deviation. The Kolmogorov-
Smirnov test and normal plots were used to test the normality of the quantitative variable
distributions. All the 8,529 individuals (of the 9,666 initial sample in ELSA wave 7), had usable
objective hearing data, measured by a qualified nurse. In total, 257 participants refused to have
the assessment (the 2.6% of the full cohort of 9,666 participants). As there was no pattern in the
missing data regarding age, sex, education, occupation, income and wealth and due to low
proportion of missingness (<5%), records with missing data were dropped from the analyses.

We fitted multiple logistic regression models to evaluate the odds of HL at various
socioeconomic strata, controlling for gender, age and non-medical determinants of health (BMI,
physical activity, tobacco and alcohol consumption). Additionally, we fitted four separate
stepwise logistic regression models, to examine the association of HL with non-modifiable (age,
gender: Step 1), partly modifiable (education, occupation, income, wealth: Step 2, respectively),
and fully modifiable lifestyle risk factors (body mass index, physical activity, tobacco and alcohol
consumption: Step 3). Age was entered into the multivariable logistic regression models as a
continuous variable, to maximise power.

The variants of pseudo R squared statistics were based on the deviance of the models and
used to express how much variance in the outcome is explained by the variables in each stepwise
multiple logistic regression model. The variance inflation factor (VIF) was used as an indicator
of multicollinearity and the Hosmer-Lemeshow test was used as a post estimation tool, which
guantified the goodness-of-fit of the models. For all models, odds ratios, 95% confidence

intervals, unadjusted and adjusted coefficients’ beta values, pseudo R? and mean VIFs are
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presented. The two-tailed significance level was set <0.05. All data were analysed using Stata

version 14 (StataCorp, 2015)23.

RESULTS

Socio-demographic characteristics

Overall, 26.6% (2,266/8,529) of adults aged 50-89 had HL >35 dB HL at 3.0 kHz. The
percentages were 32.1% (1,198/3,728, 95%Cl 0.31 to 0.34) for men and 22.3% (1,068/4,801,
95%Cl 0.21 to 0.23) for women, respectively. Table 1 shows the distribution of socio-
demographic characteristics of the sample (n=8,529, aged 50-89) according to hearing acuity. The
proportion of men and women with HL >35 dB HL at 3.0 kHz was 52.8 (1,198)and 47.2 (1,068)),
respectively. However, men were 1.5 times more likely to have moderately severe or severe HL
compared to women. One in three adults aged 65-75 had hearing loss and the percentage of HL
in age band 75-89 was threefold larger than in age band 50-64, as one out of every two adults

aged 75-89 had HL >35 dB HL at 3.0kHz.

Table 1

Lifestyle factors

Lifestyle factors of the participants are presented in Table 2. Over half of the participants
were current or former smokers. In addition, patterns of high levels of alcohol consumption
among all participants were revealed, with average consumption of more than 14 units of alcohol
in the last seven days for two out of three participants (5,223/8,528, 95%Cl 0.60 to 0.61). Nearly
one out of every three of those drinking above the low risk level guidelines??(1,457/5.223, 95%Cl
0.27 to0 0.29) had HL >35 dB HL at 3.0 kHz.

10
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Three out of four of those with HL >35 dB HL at 3.0 kHz were overweight or obese.
Furthermore, those with HL >35 dB HL at 3.0 kHz were twice as likely to hardly ever or never

engage in moderate or mild sports activities compared to hearing participants.

Table 2

Hearing Loss

Table 3 and Figure 1 show the results of multiple logistic regression analysis with HL >35 dB
HL at 3.0 kHz as the dependent variable and SEP indicators as the independent variables, per
each gender. The adjusted odds of HL were higher for those with no qualifications versus those
with a degree/higher education (men: OR 1.87, 95% Cl 1.47-2.38, women: OR 1.53, 95% Cl 1.21-
1.95), those in routine/manual occupations versus those in managerial/professional occupations
(men: OR 1.92, 95% Cl 1.43-2.63, women: OR 1.25, 95% Cl 1.03-1.54), and those in the lowest
versus the highest income and wealth quintiles (men: OR 1.62, 95% Cl 1.08-2.44, women: OR
1.36, 95% Cl 0.85-2.16 and men: OR 1.72, 95% Cl 1.26-2.35, women: OR 1.88, 95% Cl 1.37-2.58,

respectively).

Table 3 & Figure 1

Table 4 shows the summary of stepwise logistic regression analysis for variables
predicting HL >35 dB HL at 3.0 kHz. All regression models were statistically significant. Age and
gender only explained about 15% of the variance in the likelihood of HL. The addition of lifestyle
factors attenuated significantly the association between the HL and SEP indicators and in total
the addition of SEP and lifestyle factors in the regression models explained another 10 to 15% of
the variance in the likelihood of HL. The total variance explained in the overall models containing
demographic factors, SEP and lifestyle factors ranged between 25 and 27%. This finding suggests

that SEP and lifestyle factors have an equal contribution to HL as age and gender.

11
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The differences in hearing loss prevalence between males and females were observed
across all age bands investigated. However, we noticed that the rate of deterioration of hearing
acuity as age increases was similar between each age band and nearly to 60% in both genders
(Figure 2). The difference in prevalence begins at the age band “50-64”, where men were twice

as likely to have HL.

Table 4

DISCUSSION

Summary of main findings

In this study we examined whether SEP and modifiable lifestyle factors are associated
with HL among older adults in England. We found that variation in education, occupation, income
and wealth, which are important determinants of health inequality, are associated with HL. SEP
was strongly associated with the likelihood of HL in older adults, with the higher levels of
education, income and wealth being less likely to be associated with HL, and the manual
occupations increased the likelihood of HL. We also found that socioeconomic and several
modifiable lifestyle factors (such as high body mass index, physical inactivity, tobacco
consumption and alcohol intake above the low risk level guidelines??) are associated with the
likelihood of HL as strongly as well-established demographic factors such as age and gender HL.
These findings suggest that a large proportion of HL burden is potentially preventable and
support the proposition of Scholes et al.®, that there is serious potential to reduce the prevalence
and impacts of HL by understanding the impact of socioeconomic inequality in hearing health.
Thus, the incidence and severity of HL in England could be significantly reduced by governmental
policies to mitigate socioeconomic disparities and public health interventions to promote
healthier lifestyles in middle-aged and older adults in England. The occurrence of objective
hearing data eliminated the different types of bias that occur in self-reporting hearing

difficulties?*, strengthening the accuracy of findings.

12
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Strengths and limitations

The main strength of our study was that is the first to examine the association of four
separate SEP indicators with HL among older adults in England, instead of a proxy measure to
reflect one’s total SEP, capturing therefore most of the variation in socioeconomic stratification!2
and also the role of modifiable lifestyle risk factors in these associations. Another strength is that
the analyses were based on a representative cohort of 8,529 participants contained in ELSA,
which is a rich resource of information on the dynamics of health, social, wellbeing and economic
circumstances in the English population aged 50 and older?®.

However there are also important limitations. First, no causal or temporal relationships can
be established between lifestyle factors and HL in this cross-sectional study. Unhealthy lifestyle
behaviours could lead to HL in older people but is also possible that older people adopt less
healthy lifestyles after HL. Second, all the analysed factors explained less than one third of the
variance for the prevalence of HL suggesting that there are additional major factors associated
with HL in older adults which have not been included in our analyses. Longitudinal analyses using
a broader range of physical health, mental health and social care variables are highly
recommended to obtain a comprehensive understanding of modifiable factors which contribute
to HL among older adults in England. Third, the ELSA dataset did not include information
concerning the occupational and social noise exposure, which has a damaging effect in hearing®.
We therefore were not able to examine the association of noise exposure with smoking in the
relationship of SEP with HL, as in a previous study which found that the smoking habit in workers
exposed to occupational noise greatly influenced HL?>. However, we examined the association of
manual occupations with HL and its attenuation by modifiable determinants including smoking
habit, which is of a higher prevalence among those that work in routine and manual occupations
in England®3. Finally, we did not run weighted analyses which may have reduced the
generalizability of our findings, as the ELSA sample members at Wave 7 could be healthier on

average than the population, potentially resulting in an underestimation of relationships.
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Research and policy implications

A number of previous studies have reported that the odds of HL in older adults were
significantly increased for those with lower educational attainment ©10-2%27, and those in manual
versus non-manual occupations?822:3031 Besides, income is a correlate of HL, with the prevalence
of untreated HL being higher among low-income older adults in the United States3™. In our study,
those in the lowest quintile of net household income had disproportionally higher percentages
of moderate HL compared to moderately severe or severe HL, but this pattern was not found in
the quintiles of wealth, as expected. This may indicate a possible delay in diagnosis of hearing
problems among those in lower SEP due to financial barriers in access to health services3?, which
needs further exploration, as HL is highly undiagnosed and untreated among older adults in
England?°.

International studies have also shown that tobacco consumption, high body mass and high
fat and high calorie food consumption can have an adverse impact on hearing 11333435 On the
other hand, a higher level of physical activity is related with a lower risk of HL34. In our study, two
out of three participants were drinking more than the low risk level of the 14 units of alcohol a
week?2. We considered therefore that alcohol consumption above the low risk level guidelines
may play an important role in the association between SEP and HL among the English population
and thus we included this variable in the regression models, which has not been previously
examined in the literature for the English population. Our findings showed that drinking above
the low risk level guidelines increased the likelihood of HL. This finding is in line with Chief
Medical Officer’s Drinking Guidelines??> which suggest that it is safest not to drink reqgularly more
than 14 units per week, to keep health risks from drinking alcohol to a low level.

The associations between indicators of lower socioeconomic position and hearing loss may
be markers of less healthy lifestyle>, which may explain the link between HL and socioeconomic
and lifestyle factors investigated. Cruickshanks et al, (2015) 3¢ did not find significant associations
between hearing impairment and body mass index, smoking, and alcohol in multivariable
analyses using a younger population-based sample (aged 18 to 74 years) of Hispanics/Latinos.

Hence, it is likely that hearing loss in older population (e.g. 50 years and above) is associated with
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different risk factors or combinations of socioeconomic and lifestyle risk factors across the life-
course.

The higher prevalence of HL among men aged 50 and above compared to women has also
been reported in other studies®®. However, we observed that the rate of deterioration of hearing
acuity as age increases was similar between each age band and nearly to 60% in both genders.
The difference in prevalence begins at the age band “50-64”, where men were twice as likely to
have HL. Thus, the differences in modifiable lifestyle factors that were revealed in the stepwise
regression models may finally explain why the male sex is often cited as consistent risk factor for
hearing loss3*3%37, leading to the exploration of modifiable determinants that are common in
both genders® and paving the way for interventions to improve the population’s hearing health.

In terms of policy, generating evidence concerning the critical variables associated with HL
is an important step in designing targeted services and interventions for individuals that face
hearing health inequalities, and especially for those in the lowest SEP groups, where the burden
of HL falls highest. This is of major importance for the population in England, as sensor diseases
are the first leading cause of morbidity among adults 70 years and older and the second leading
cause among adults 50-69 years'3. Our findings support the view that HL is a non-communicable
disease3® which can be prevented or ameliorated by governmental policies to mitigate
socioeconomic disparities and public health interventions to promote healthier lifestyles in

middle-aged and older adults in England.

Conclusion

The main finding of our study is that HL is strongly associated with socioeconomic factors
and modifiable lifestyle behaviours. Our findings are supportive of a new conceptualisation of HL
which argues that HL is not necessarily an inevitable accompaniment of ageing, but also a
potential preventable lifestyle disease, paving the way for the term lifestyle-related hearing loss,
where lifestyle refers to social practices and ways of living adopted by individuals that reflect
personal, group, and socio-economic identities®®, instead of the non-inclusive term “age-related

hearing loss”. Future research in hearing health inequalities should investigate the role of the
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prolonged exposure to these modifiable lifestyle behaviours in the development of HL and the

role of other comorbid chronic diseases in the elderly.
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Table 1
Participants socio-demographic characteristics (N=8,529, aged 50-89)

LI0 0E0TE0-6TOZ-Uadolw

Hearing acuity % (N) in the better-hedting ear

Variable Normal Hearing HL >35 dB HL at Moderate Hlé’éJ Moderately
3.0kHz g severe or severe
Gender N
Male 40.4 (2,530) 52.8 (1,198) 495 (741) o 59.5 (457)
Female 59.6 (3,733) 47.2 (1,068) 50.5 (757) 9 40.5 (311)
Age® 64.3 (9.29) 69.7 (19.19) 70.0 (15.858 69.1 (24.41)
Age group §_
50-64 51.3(3,135) 16.2 (349) 19.3 (280)% 9.8 (69)
65-74 34.55(2,108) 33.6 (722) 36.9 (535) g 26.7 (187)
75-89 14.2 (868) 50.2 (1,081) 43.8 (636) = 63.5 (445)
Currently married E
No 31.2 (1,908) 38.4 (826) 37.5 (544)5 40.2 (282)
Yes 68.8 (4,202) 61.6 (1,326) 62.5(907)S 59.8 (701)
Retirement status g
Retired 52.4 (3,205) 78.3 (1,685) 76.6 (1,112)8. 81.3 (573)
Not retired 47.6 (2,905) 21.7 (467) 23.4 (339)8 18.3 (128)
Education §
Degree/Higher Education 33.7 (1,996) 26.4 (562) 28.1 (404); 22.9 (158)
Alevel 10.0 (596) 6.4 (137) 7.0 (100) = 5.4 (37)
O level/CSE grade 24.4 (1,448) 22.3 (473) 22.4(321) % 22.0 (152)
Foreign/Other 13.5 (798) 11.9 (252) 11.9 (171)8 11.7 (81)
No qualifications 18.4 (1,090) 33.0 (701) 30.6 (439) 5 38.0 (262)
Occupation based National Statistics <Q
Socio-economic Classification (NS-SEC) &
Managerial and professional occupations 23.4 (1,158) 21.5 (423) 21.6 (285)0 21.2 (138)
Intermediate occupations (non-manual) 43.4 (2,149) 33.8 (665) 36.2 (477) % 28.9 (188)
Routine and manual occupations 33.2 (1,644) 44.7 (1,643) 42.2 (1,318 49.9 (325)
g (Continued)
g
<
g
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S
1 o
2 &
3 Table 1 (Continued) §
g Participants socio-demographic characteristics (N=8,529, aged 50-89) Q
6 Hearing acuity % (N) in the better-hearifg ear
7 Variable Normal Hearing HL >35 dB HL at Moderate‘é’ Moderately
8 3.0kHz HL* & severe or severe
1(1) Net Household Income N
2 First quintile (lowest) 17.0 (872) 21.3 (421) 19.7 (262)%6 24.8 (159)
13 Second quintile 18.7 (959) 24.8 (489) 24.7 (329)9 24.9 (160)
14 Third quintile 20.1 (1,034) 23.0 (453) 22.3 (297)3 24.3 (156)
15 Fourth quintile 22.5 (1,154) 18.6 (367) 19.9 (265)§_ 15.9 (102)
16 Fifth quintile (highest) 21.7 (1,112) 12.3 (243) 13.4 (178)% 10.1 (65)
17 Net Financial Wealth 3
18 First quintile (lowest) 15.5 (794) 14.7 (290) 14.9 (199) g 14.2 (91)
;g second quintile 17.1 (879) 24.1 (475) 22.1(204)8 28.2 (181)
21 Third quintile 19.6 (1,006) 23.6 (466) 23.4 (311) g 24.1 (155)
22 Fourth quintile 23.5 (1,204) 20.3 (400) 21.3 (284)3 18.1 (116)
23 Fifth quintile (highest) 24.3 (1,248) 17.3 (342) 18.3 (243)5 15.4 (99)
24 3
25 3
26 Values are expressed as column % (N) unless otherwise is indicated. 3
27 S
28 *Mean (Standard deviation) Z
29 =
30 *Moderate hearing loss: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of the three tones at 3.0 kHz hear(ﬁ
g; **Moderately severe or severe hearing loss: tone heard or not at 75 dB HL and tones not heard at 55 dB HLand 35 dB HL (O or 1 Efthe three tones at 3.0 kHz heard).
(=}
33 Z
34 2
35 -
36 3
37 o)
38 g
39 g
40 8
41 <
42 g
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Table 2

Participants’ lifestyle factors (N=8,529, aged 50-89)

BMJ Open
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=
Hearing acuity % (N) in the better-hearing ear

Variable Normal Hearing HL >35dB Moderate + Moderately
HL HL* 0 severe or
at 3.0kHz = severe HL**
- S
Tobacco consumption >
(any type of nicotine products) N
Current 11.7 (712) 10.0 (215) 9.6(139) 3 10.8 (76)
Former 49.0(2,996)  56.7(1,219) 55.8(810) o 58.4 (409)
Number of cigarettes smoked per day ® 12.79 (14) 12.79 (13) 12.69 (13)% 11.90 (12)
Never 39.3 (2,403) 33.3 (718) 34.6(502) § 30.8 (216)
Alcohol consumption (in the last 7 days) o
Number of days of alcohol consumption ® 3(3) 3 (4) 3(4) 3 3(4)
Number of measures of spirit 2 2.1(2) 2.3(3) 2.2 (3) i 2.6 (3)
Number of glasses of wine 2 4.3 (6) 3.6 (5) 3.9 (6) -5"\" 3.1(4)
Number of pints of beer 2 2.1(2) 2.3(3) 2.3(3) gf 2.4 (3)
Total units of alcohol in the last 7 days? 15.0 (18) 14.2 (19) 14.5 (21) ) 13.5(17)
Consumption of more than 14 units 61.6 (3,766) 67.7 (1,457) 67.3 (977) :3'; 68.5 (480)
BMI Classification El
Underweight 3.4 (160) 5.0 (92) 4.9 (60) S 5.3(32)
Normal 26.9 (1,255) ) 20.6 (376) 19.6(239) g 22.7 (137)
Overweight 40.0 (1,869) 42.8 (780) 41.4 (506) P 45.4 (274)
Obese 29.7 (1,390) 31.6 (576) 34.1 (416) = 26.6 (160) )
Physical Activity o
Frequency does rigorous sports or activities §
More than once a week 23.0 (1,407) 14.3 (307) 16.1 (233) E 10.6 (74)
Once a week 10.3 (626) 7.0 (151) 7.9 (115) § 5.1(36)
One to three times a month 10.1 (617) 7.1(153) 7.6(111) = 6.0 (42)
Hardly ever, or never 56.6 (3,459) 71.6 (1,541) 68.4 (992) S 78.3 (549)
>
g (Continued)
o
g
8
2
é‘ 20

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 21 of 32

oNOYTULT D WN =

Table 2 (Continued)
Participants’ lifestyle factors (N=8,529, aged 50-89)

BMJ Open

Hearing acuity % (N) in the better-hearing ear

Variable Normal Hearing HL >35 dB Moderate Moderately
HL HL* severe or

at 3.0kHz severe HL**

Physical Activity (continued)

Frequency does moderate sports or activities

More than once a week 68.4 (4,180) 51.3 (1,104) 53.7 (780) 46.2 (324)

Once a week 12.6 (771) 13.6 (292) 14.1 (204) 12.6 (88)

One to three times a month 5.9 (360) 7.8 (169) 7.6 (110) 8.4 (59)

Hardly ever, or never 13.1(799) 27.3 (587) 24.6 (357) 32.8(230)

Frequency does mild sports or activities

More than once a week 83.9 73.7 76.0 (1,103) 68.9 (483)

Once a week 8.2 10.1 9.8 (142) 10.5 (74)

One to three times a month 2.3 3.5 3.3(48) 4.0 (28)

Hardly ever, or never 5.6 12.7 10.9 (158) 16.6 (116)

Values are expressed as column % (N) unless otherwise is indicated.

3Mean (Standard deviation)

bMedian (Range)
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*Moderate hearing loss: tones heard at 75 dB HL and 55 dB HL but not at 35 dB HL (the first 2 of the three tones at 3.0 kHz hearcﬁ

**Moderately severe or severe hearing loss: tone heard or not at 75 dB HL and tones not heard at 55 dB HL and 35 dB HL (0 or £of the three tones at 3.0 kHz
N

heard).
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Table 3.
Multiple logistic regression analysis of N=8,529, aged 50-89 with HL >35 dB HL at 3.0kHz in better —hearing ear as de
and SEP indicators as independent variables

ndent variable
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Unadjusted OR (95% CI)* Adjusted OR{95% CI)**

Men Women Men Women
Education
No qualifications 2.39 (1.96-2.90) 2.67 (2.20-3.24) 1.87 (1.47-2.38) 1.53 (1.21-1.95)
Foreign/Other 1.06 (0.83-1.36) 1.37 (1.07-1.74) 1.46 (1.09-1.94) 0.99 (0.74-1.32)
O level/CSE grade 1.56 (1.29-1.89) 1.00 (0.80-1.25) 1.42 (1.13-1.79) 0.94 (0.73-1.22)
Alevel 1.01 (0.77-1.32) 0.69 (0.50-0.97) 1.08 (0.78-1.51) 0.82 (0.56-1.21)
Degree/Higher Education
(reference)

Occupation based National Statistics socio-
economic classification (NS-SEC)

Routine and manual occupations
Intermediate occupations (non-manual)

Managerial and professional occupations
(reference)

1.69 (1.39-2.08)
1.47 (1.23-1.75)

1.35 (1.15-1.59)
1.54 (1.19-1.96)

1.92 (1.43-2.63)
1.61 (1.25-2.08)

1.25 (1.03-1.54)
1.35 (1.01-1.85)

Net Household Income

P0z|'8 [1dy uo jwod fwd-usflofwg//:dny wouy pageojumoq 610z Jaqyieiflas|xEd0 0

First quintile (lowest) 1.94 (1.50-2.52) 3.04 (2.31-3.99) 1.62 (1.08-2.44) 1.36 (0.85-2.16)
Second quintile 2.12 (1.67-2.70) 3.00 (2.28-3.93) 1.31(0.93-1.85) 1.40(0.89-2.18)
Third quintile 1.98 (1.56-2.51) 2.31(1.75-3.05) 1.40(1.01-1.94) 1.08 (0.69-1.67)
Fourth quintile 1.38(1.08-1.74) 1.65 (1.23-2.20) 1.09 (0.80-1.49) 1.08 (0.70-1.66)
Fifth quintile (highest)

(reference)

Net Financial Wealth

First quintile (lowest) 1.11 (0.86-1.45) 1.79 (1.38-2.33) 1.72 (1.26-2.35) 1.88(1.37-2.58)
Second quintile 1.92 (1.52-2.42) 2.39 (1.88-3.04) 1.66 (1.26-2.18) 1.33(1.00-1.77)
Third quintile 1.63 (1.30-2.04) 1.95 (1.53-2.50) 1.45 (1.12-1.88) 1.41 (1.06-1.88)
Fourth quintile 1.06 (0.85-1.32) 1.48 (1.15-1.91) 0.96 (0.75-1.24) 1.26 (0.94-1.68)

Fifth quintile (highest)
(reference)

*Unadjusted odds ratio (OR) ** Odds Ratio adjusted for age, marital status, retirement status, body mass index, tobacco consumption, alcohol consu
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)

©
3 Table 4. '8
4 Summary of stepwise logistic regression coefficients for variables predicting HL >35 dB HL at 3.0kHz in the better-hearing ear (N=8,529, a&ed 50-89), according to different SEP
5 indicators (education, occupation, income, wealth). G
? Model A Model B Model C > Model D
8 Step/Predictor Step 1 Step 2a Step 3 Step 1 Step 2b Step 3 Step 1 Step 2c Stea3 Step 1 Step 2d Step 3
9 1 Non-modifiable (Education) (Occupation) (Income) '% (Wealth)
10 Gender (female) -.62%** -.59¥** S J2E* -.B2¥** -.64*** -.68*** -.B2X ¥ -.69*** - 703** -.B2*** -.69*** -.B2¥ ¥
11 Age 2%k A%E* 0% ** 2% ** 3FH* B Rl 2% ** B Rl .11%* 2% ** AKE* 2% **
12 2 Partly modifiable o
13 1 2a Education - 15%** 1R - - - 0 - -
14 2b  Occupation (manual) - 26%** 20%** - 5 - -
15 2c  Net Household Income - - - J14%%* -.093** - -
16 124  Net Financial Wealth - - - - 2 Y A b
1; 3 Modifiable 2
19 Smoking (current/former) .10* .09 Ny .09**
20 Alcohol consumption 24%%* J19¥** 17%‘* .18%*
2 (> 14 units per week) °
22 Body mass index (<25) -.05* -.06 -3 -.04
23 Physical Activity - 14%x* - 16*** -.122** - 13%x*
24 (rigorous sports or activities, E
25 once or more/week) =3
26 Physical Activity -.24%x* - 24% %% - 24;0** -.24%x*
27 (moderate sports or activities, %
28 once or more/week) o
29 Physical Activity VAL S 1G¥*k - 15E¥* - 14%%%
30 (mild sports or activities, -5
31 once or more/week) ©
32 Pseudo R? 15 18 .28 15 19 26 17 18 29 17 18 27
33 4 Pseudo R? - .03 10 - .04 .07 - .01 13 - .01 .09
2‘5‘ Mean VIF - - 1.16 - - 1.20 - - 13 - ; 1.15
36 *p < .05. **p < .01 ***p < .001 2
37 T
38 %
0 :
41 E
42 2
43 a 23
44 =
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Figure 1.
Associations between socioeconomic position and hearing loss in middle aged and older adults (N=8,529, aged 50-89). Indicatorgbf SEP were categories of the
highest educational attainment (degree/higher education as a reference), tertiles of self-reported occupation based on the Nat%nal Statistics Socio-economic
Classification (NS-SEC) (managerial and professional as reference), quintiles of the net household income (first quintile lowest; fiftigquintile highest) and quintiles
of the total non-pension wealth that is reported at the household level (first quintile lowest; fifth quintile highest). Lines repres%ﬁt OR (outcome=hearing loss)
and its 95% Cl. Model A (rhombus): unadjusted. Model B (circles): adjusted for age, marital status, retirement status, body masgindex, tobacco consumption,

alcohol consumption and physical activity.

Figure 2.

peojumoq '6T0¢

Hearing loss by age group and gender* (N=8,529 participants, aged 50-89, from the seventh wave of the English Longitudinal Stu@y of Ageing (ELSA).
Hearing loss was defined as >35 dB HL at 3.0 kHz, in the better-hearing ear.

*Prevalence estimates for males (N=3,728) and females (N=4,801).

24
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Figure 1.

Associations between socioeconomic position and hearing loss in middle aged and older adults (N=8,529,
aged 50-89). Indicators of SEP were categories of the highest educational attainment (degree/higher
education as a reference), tertiles of self-reported occupation based on the National Statistics Socio-

economic Classification (NS-SEC) (managerial and professional as reference), quintiles of the net household
income (first quintile lowest; fifth quintile highest) and quintiles of the total non-pension wealth that is
reported at the household level (first quintile lowest; fifth quintile highest). Lines represent OR

(outcome=hearing loss) and its 95% CI. Model A (rhombus): unadjusted. Model B (circles): adjusted for

age, marital status, retirement status, body mass index, tobacco consumption, alcohol consumption and

physical activity.
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Figure 2.
Hearing loss by age group and gender* (N=8,529 participants, aged 50-89, from the seventh wave of the
English Longitudinal Study of Ageing (ELSA).
Hearing loss was defined as >35 dB HL at 3.0 kHz, in the better-hearing ear.
*Prevalence estimates for males (N=3,728) and females (N=4,801).
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item
No Recommendation
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract
(Page 1)
(b) Provide in the abstract an informative and balanced summary of what was done
and what was found
(Page 2)
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being reported
(Page 4)
Objectives 3 State specific objectives, including any prespecified hypotheses
(Pages 4-5)
Methods
Study design 4 Present key elements of study design early in the paper
(Page 5)
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment,
exposure, follow-up, and data collection
(Page 5)
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants
(Page 5)
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if applicable
(Pages 6-9)
Data sources/ 8* For each variable of interest, give sources of data and details of methods of
measurement assessment (measurement). Describe comparability of assessment methods if there is
more than one group
(Page 6)
Bias 9 Describe any efforts to address potential sources of bias
(Page 6)
Study size 10 Explain how the study size was arrived at
(Page 5)
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable,
describe which groupings were chosen and why
(Page 7)
Statistical methods 12 (a) Describe all statistical methods, including those used to control for confounding
(Page 9)
(b) Describe any methods used to examine subgroups and interactions
(Page 9)
(¢) Explain how missing data were addressed
(Page 9)
(d) If applicable, describe analytical methods taking account of sampling strategy
(Page 9)
(e) Describe any sensitivity analyses
(Pages 9-10)
Results

For peer review only - http://bmjopen1.bmj.com/site/about/guidelines.xhtml

e~

N Y

o~


http://bmjopen.bmj.com/

Page 31 of 32

oNOYTULT D WN =

Participants

13*

BMJ Open

(a) Report numbers of individuals at each stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed

(Page 9)

(b) Give reasons for non-participation at each stage
(Page 9)

Descriptive data

14*

(a) Give characteristics of study participants (eg demographic, clinical, social) and
information on exposures and potential confounders
(Page 5)

(b) Indicate number of participants with missing data for each variable of interest
(Page 9)

Outcome data

15%

Report numbers of outcome events or summary measures
(Page 10)

Main results

16

(a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval). Make clear which confounders were
adjusted for and why they were included

(Page 11)

(b) Report category boundaries when continuous variables were categorized

(not relevant)

(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

(not relevant)

Other analyses

17

Report other analyses done—eg analyses of subgroups and interactions, and
sensitivity analyses
(Page 12)

Discussion

Key results

18

Summarise key results with reference to study objectives
(Page 12)

Limitations

19

Discuss limitations of the study, taking into account sources of potential bias or
imprecision. Discuss both direction and magnitude of any potential bias
(Page 13)

Interpretation

20

Give a cautious overall interpretation of results considering objectives, limitations,
multiplicity of analyses, results from similar studies, and other relevant evidence
(Page 15)

Generalisability

21

Discuss the generalisability (external validity) of the study results
(Page 13)

Other information

Funding

22

Give the source of funding and the role of the funders for the present study and, if
applicable, for the original study on which the present article is based
(Page 17)

*@Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
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http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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